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Introduction 

Thrombosis is the formation of a blood clot inside a blood 
vessel, obstructing the flow of blood through the circulatory 
system. A thrombus is more likely to occur in people who 
are immobile, and who are genetically predisposed to blood 
clotting. It can also form if an artery, vein, or surrounding tissue 
is damaged. A thrombus can block the flow of blood through 
a vein or artery if it detaches from the vessel wall and lodges in  

 
the lungs or other vital organs, it can become a life-threatening 
embolus [1]. Thrombolysis is the breakdown (lysis) of blood clots 
by pharmacological means, and commonly called clot busting. It 
works by stimulating secondary fibrinolysis by plasmin through 
infusion of analogs of tissue plasminogen activator (tPA), the 
protein that normally activates plasmin. Thrombolysis mainly 
involves the use of thrombolytic drugs, which dissolve blood clots 
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ARTICLE INFO Abstract

Phoenix sylvestris (khejur palm) is a very graceful palm which is also known as Wild 
date palm, Silver date palm, date sugar palm and belongs to the family Arecaceae.  The 
various parts of the plant reported possessing diuretic, analgesic effect, anti-inflammato-
ry, antibacterial, thrombolytic and neuropharmacological activities. Phoenix sylvestris is 
traditionally claimed to have antidiabetic, antidiarrheal, anti-dysentery activity and used 
in the treatment of a toothache, menstrual complaint. Our aim of the study to performed 
molecular docking studies to identify potential binding affinities of the phytocompounds 
from Phoenix sylvestris, namely 4-methylcatechol towards TISSUE PLASMINOGEN ACTI-
VATOR for searching of the lead molecule against thrombus. A wide range of docking score 
found during molecular docking by Schrodinger. 4-methylcatechol and 2, 3-Dihydro-3,5-
dihydroxy-6-methyl-4H-pyran-4-one showed the docking score respectively -6.077kJ/mol 
and -5.378kJ/mol against TISSUE PLASMINOGEN ACTIVATOR. Between all the compounds 
4-methylcatechol showed the best docking score towards TISSUE PLASMINOGEN ACTIVA-
TOR. So, 4-methylcatechol is the best compound for TISSUE PLASMINOGEN ACTIVATOR 
enzyme inhibition, as it possessed the best value in Molecular Docking. Further, in vivo 
investigation needs to identify TISSUE PLASMINOGEN ACTIVATOR enzyme inhibitory ac-
tivity of isolated compounds from Phoenix sylvestris.
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[2]. The purpose of a fibrinolytic drug is to dissolve thrombin in 
acutely occluded coronary arteries thereby to restore blood supply 
to ischemic myocardium, to limit necrosis and to improve prognosis 
[3]. For the treatment of myocardial infarction, many thrombolytic 
agents are used. Among them, streptokinase is remarkable and 
widely used.  Moreover, Tissue-type Plasminogen activator is more 
effective and safer than either urokinase or streptokinase type 
activators. It is noted that all available thrombolytic agents still 
have significant deficiencies, including the necessity of large doses 
to be maximally effective, limited fibrin specificity and a significant 
associated bleeding tendency.  Therefore, steps are taken to develop 
improved recombinant variants of these drugs in order to minimize 
deficiencies of the available thrombolytic drugs [4-8].

The trend of using natural products has increased together 
with active plant extracts are normally for new drug discoveries [9]. 
Plants have been the time frame of countless traditional medicine 
systems across the world for thousands of years and continue 
and offer people with brand-new cures. Phoenix sylvestris Roxb. 
(Arecaceae), locally known as Khejur, is a palm tree cultivated for its 
syrupy juice and edible fruit in Bangladesh [10]. Palm is one of the 
important horticultural crops in many countries [11]. In Bangladesh, 
Khejur palm is produced as a homestead crop; however, it grows 
naturally or is cultivated in fallow lands, around homesteads, 
farmland boundary and even in the marginal lands along the roads 
and canals [12]. Fruits of the plant are used to treat back pain, 
stomachache, toothache, headache, arthritis, pain of buttocks, 
fever, piles, nervous debility, and as nervine tonic, restorative, 
sedative in ethnomedicine [10,13]. In addition, it is widely used 
as an aphrodisiac, sweetener and diuretic and in the treatment of 
vomiting, vertigo and unconsciousness. It improves cardiovascular 
health by soaking out all the cholesterol from the arteries. They 
have high calcium content and improve bone health. Generally, 
the juice of P. sylvestris is consumed as a cooling beverage [14]. The 
sap of Khejur palm is a good source of vitamins of the B group and 
contains, in addition, a variable amount of ascorbic acid [15], freshly 
harvested sap consists of sucrose around 10%, minimal invert 
sugar of <0.5% and a small amount of protein, gums, and minerals. 
Computational simulations of drug-target interactions using in 
silico molecular docking and molecular dynamics approaches are 
commonly used for the rational design and screening of drugs 
[16]. Molecular docking has become a major computational 
method for the prediction of ligand-receptor interactions [17]. A 
productive docking strategy must have the ability to adequately 
envision the local ligand represent the receptor limiting site (i.e. 
to find the trial ligand geometry inside a resistance confine) and 
the related physical-compound sub-molecular affiliations [18-20]. 
Furthermore, the aim of the study to find the mechanism of action 
of the isolated compounds from Phoenix sylvestris was explored the 
thrombolytic activity by molecular docking analysis.

Materials and Methods

In silico Molecular Docking Protein Preparation

Three-dimensional crystal structure of Catalytic domain of 
human two-chain tissue plasminogen activator complex of a bis-
benzamidine (PDB id: 1A5H) was downloaded in pdb format from 
the protein data bank [21]. After that, the structure was prepared 
and refined using the Protein Preparation Wizard of Schrödinger- 
Maestro v10.1. Charges and bond orders were assigned, hydrogens 
were added to the heavy atoms, selenomethionines were converted 
to methionines and all waters were deleted. Using force field 
OPLS_2005, minimization was carried out setting maximum heavy 
atom RMSD (root-mean-square-deviation) to 0.30Å.

Ligand Preparation

The six major representative compound structures i.e., Diethyl 
nitrosamine (CID: 5921), 2, 3-Dihydro-3, 5-dihydroxy-6- methyl-
4H-pyran-4-one (CID: 119838), 4-methylcatechol (CID: 9958), 
2,4-Di-tert-butyl phenol (CID: 7311) and Diethyl Phthalate (CID: 
6781) were obtained from PubChem database. The ligands were 
prepared with Lig Prep tool embedded in Maestro 2015, neutralized 
at pH 7.0±2.0 using Epik and minimized by force field OPLS_2005.

Receptor Grid Generation

Receptor grids were calculated for prepared proteins such 
that various ligand poses bind within the predicted active site 
during docking. In Glide, grids were generated keeping the default 
parameters of van der Waals scaling factor 1.00 and charge cut 
off 0.25 subjected to OPLS 2005 force field. A cubic box of specific 
dimensions centered around the centroid of the active site residues 
(Reference ligand active site) was generated for the receptor.  
The bounding box was set to 14Å × 14Å × 14Å for docking 
experiments.

Glide Standard Precision (SP) Ligand Docking

SP flexible ligand docking was carried out in Glide of Schröding-
er-Maestro v 10.1 [22]. Within which penalties were applied to 
non-cis/trans amide bonds. Van der Waals scaling factor and par-
tial charge cutoff were selected to be 0.80 and 0.15, respectively for 
ligand atoms. Final scoring was performed on energy-minimized 
poses and displayed as Glide score. The best- docked pose with low-
est Glide score value was recorded for each ligand.

Results & Discussions

In silico Molecular docking analysis

Prediction of interaction energies between ligand and receptor 
has been a major challenge for molecular docking [23]. Virtual 
screening utilizes docking  and  scoring  of  each  compound  from 
a dataset. The technique used is based on predicting the binding 
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modes and binding affinities of each compound in the dataset by 
means of docking to an X-ray crystallographic structure [24]. Grid-
based docking study was used to analyze the binding modes of 
molecules with the amino acids present in the active pocket of the 
protein [25].To identify the potential thrombolytic lead molecule, 
we have subjected the docking analysis of the active compounds 
of Phoenix sylvestris (L.)to the active site of TISSUE PLASMINOGEN 
ACTIVATOR. In order to study the interaction of the compounds with 
TISSUE PLASMINOGEN ACTIVATOR (PDB id: 1A5H). We performed 
Glide docking analysis by Schrodinger suitev10.1, where among of 
these compounds4-methylcatechol shows highest docking score 
against both enzymes.

Docking Score suggested that 4-methylcatechol and 2, 3-Dihydro-
3,5-dihydroxy-6-methyl-4H-pyran-4-one had the highest affinity to 
the TISSUE PLASMINOGEN ACTIVATOR corresponding to the other 

compound.  The results of docking analysis were described in Table 
1 and the docking figure showed in Figure1. The results of docking 
analysis were described in Table 1 and the docking figure showed 
in Figure 1. The colors indicate the residue (or species) type: Red-
acidic (Asp, Glu), Green-hydrophobic (Ala, Val,Ile, Leu, Tyr, Phe, Trp, 
Met, Cys, Pro), Purple-basic (Hip, Lys, Arg), Blue-polar (Ser, Thr, Gln, 
Asn, His, Hie, Hid), Light gray-other (Gly, water), and Darker gray-
metal atoms. Interactions with the protein are marked with lines 
between ligand atoms and protein residues: Solid pink-H-bonds to 
the protein backbone, Dotted pink-H-bonds to protein side chains, 
Green-pi-pi stacking interactions, Orange-pi-cation interactions. 
Ligand atoms that are exposed to solvent are marked with gray 
spheres. The protein “pocket” is displayed with a line around the 
ligand, colored with the color of the nearest protein residue. The 
gap in the line shows the opening of the pocket. 

Figure 1: Schematic representation of the interactions between the best pose found of the selected compounds with TISSUE 
PLASMINOGEN ACTIVATOR (PDB ID: 1A5H).
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Table 1: Docking results of compounds diethyl nitrosamine(CID 5921),2,3-dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4-one(CID 
119838), 4-methylcatechol(CID 9958), 2,4-di-tert-butylphenol (CID 7311) and diethyl phthalate (CID 6781) with TISSUE PLASMINO-
GEN ACTIVATOR((PDB ID: 1A5H)).

Compound Name Compound Id Docking Score Glide Energy

Diethyl nitrosamine 5921 -3.846 -16.192

2, 3-Dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4-one 119838 -5.378 -25.556

4-methylcatechol 9958 -6.077 -27.766

2,4-Di-tert-butylphenol 7311 -4.39 -22.267

Diethyl Phthalate 6781 -5.343 -36.616

Lauric acid 3893 1.155 -32.048

p-methoxy phenethyl alcohol 69705 -4.003 -23.878

Conclusion

From the study, it was found that Phoenix sylvestris (L.) could be 
a great source of new TISSUE PLASMINOGEN ACTIVATOR activity. 
Insilco model support that all the isolated compound from P. 
sylvestris might be a TISSUE PLASMINOGEN ACTIVATOR inhibitor. 
Further in vivo investigation needs to identify the potential 
inhibitory activity of isolated compounds from P. sylvestris.
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