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Abstract 

Purpose: To elucidate the relationship between selected plant-derived phytochemicals and blood 
clotting mechanisms.  
Methods: AutoDock 4.2 and Autodock tools 1.5.6 were used to find the best binding sites based on the 
scores of free energies and the equilibrium constants for binding. The best orientation for ligand-protein 
binding was studied, and the amino acids involved at the binding interface among selected 
phytochemicals of plant origin and each protein target were investigated. 
Results: Demethoxycurcumin proved to be the most favorable in silico binding profile among the tested 
phytochemicals, as reflected by lower binding free energy values and inhibition constants across the 
four target proteins; however, experimental validation through in vitro and in vivo studies was required. 
Conclusion: Demethoxycurcumin can plausibly aid in relieving blood coagulation. Further in vitro, in 
vivo and clinical studies can be conducted to verify this phytochemical as a potential drug.  
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INTRODUCTION 
 

Hemostasis is a fundamental physiological 
mechanism that regulates blood circulation and 
protects the structural integrity of blood vessels. 
At the location of vessel damage, a highly 
organized network of more than 100 proteins 
activates a rapid and effective blood coagulation 
process [1]. This process is divided into intrinsic, 
extrinsic, and common pathways [2]. As a result 
of these pathways, prothrombin will be 
transformed into thrombin. Afterwards, soluble 
fibrinogen will be converted into insoluble fibrin 

strands, which form the structural framework of 
blood clots [3]. This cascade of events is initiated 
when the activity of thrombogenic components 
increases or the activity of antithrombogenic 
components decreases [2]. 
 
The intrinsic pathway, also known as the contact 
activation pathway, is named so because it 
occurs entirely within the bloodstream with no 
external protein source required (e.g., a tissue 
factor) [4]. This pathway involves a series of 
proteolytic reactions that ultimately lead to the 
activation of factor ten (FX), a critical enzyme [5]. 
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One of the key proteins in the intrinsic pathway is 
factor XII (FXII), also referred to as Hageman 
factor [6]. FXII initiates the cascade when it binds 
to negatively charged surfaces, such as exposed 
collagen in damaged blood vessels. As a result, 
it is also called contact activation pathway [7]. 
Upon activation, FXII will be transformed into 
FXIIa, which cleaves factor XI (FXI). FXI, in turn, 
activates factor IX (FIX) in the presence of 
calcium ions and other cofactors to become 
FIXa. FIXa, along with its cofactor, factor VIII 
(FVIII), forms a complex that activates FX, 
setting the stage for the common pathway of 
coagulation to proceed [8]. 
 
Understanding the intrinsic pathway and its 
associated proteins is of paramount importance 
in clinical medicine, and dysregulation of this 
pathway can lead to bleeding disorders, such as 
hemophilia. However, an overactive pathway can 
result in thrombotic events, e.g., deep vein 
thrombosis (DVT) and pulmonary embolism (PE) . 
Several plant-derived phytochemicals have been 
reported to exhibit potential effects on platelet 
aggregation and coagulation pathways. 
Investigating their molecular interactions with key 
proteins of the intrinsic coagulation pathway may 
provide mechanistic insight into their possible 
therapeutic relevance. 
 
This study aims to investigate the plausible 
interactions between five compounds: 
zingiberene, abscisic acid, curcumin, 
demethoxycurcumin, and humulone, alongside 
four proteins involved in the intrinsic pathway: 
fibrinogen, prothrombin, Hageman factor (Factor 
XII), and Factor XIa (plasma thromboplastin 
antecedent). 
 

METHODS 
 
The PDB files were prepared for the docking 
protocol to study the five desired phytochemicals: 
curcumin, demethoxycurcumin, humulone, 
abscisic acid, and zingiberene. The process 
involved several critical steps. First, the SMILES 
(Simplified Molecular Input Line Entry System) 
representation for these compounds was 
acquired by systematically obtaining their IUPAC 
structures. This was facilitated using OPSIN, an 
open-source tool for chemical name-to-structure 
conversion [11]. An online SMILES translator and 
structure file generator were used to speed this 
procedure up, converting chemical structures into 
a format readable by the docking software. Open 
Babel facilitated this conversion seamlessly, 
ensuring the PDB files were correctly formatted 
and prepared for computational analysis [12].  
 

To understand the potential interactions and 
binding affinities of the phytochemicals with their 
respective biological targets, these compounds 
were aligned with biological models using 
AutoDock, an advanced molecular docking 
software known for predicting the optimal binding 
orientation of small molecules to biological 
macromolecules  [13]. Molecular docking 
simulations were performed using AutoDock 4.2 
with AutoDockTools version 1.5.6. The binding 
energies and stability of the complexes formed 
between the phytochemicals and their target 
macromolecules were evaluated using an 
empirical scoring function in AutoDock. The best 
orientation was determined using a Lamarckian 
Genetic Algorithm (LGA). The Lamarckian 
Genetic Algorithm was applied with 100 runs, a 
population size of 150, a maximum number of 
energy evaluations of 2.5 × 10⁶, and a maximum 
number of generations of 27,000. Grid boxes 
were centered on the protein mass center and 
sized to fully encompass the binding interface of 
each protein. Water molecules were removed, 
while cofactors critical for protein function were 
retained. Polar hydrogen atoms were added, too 
[13]. 
 
The 3D structure files for the target proteins were 
used, including Coagulation factor XII (PDB ID: 
4BDX) [14], Factor XIa (PDB ID: 7MBO) [15], 
fibrinogen (PDB ID: 1FZA) [16] and Prothrombin 
(PDB ID: 4UD9) [17]. These files included the 
examined holo-form PDB entries for the different 
target proteins when bound to positive control 
ligands crucial for protein function. The positive 
controls were removed from PDB entries for all 
proteins to achieve an apo- form. 
 
The docking strategy involved thoroughly 
scanning the target protein's apo-form surface. 
The files were set up for docking with AutoDock 
4.2, using the Lamarckian Genetic Algorithm for 
conformational searching [13]. AutoDockTools 
assigned ligand flexibility based on default 
settings for root atom selection and torsion 
assignment, adjusting the largest number of 
atoms while keeping the molecule's core 
relatively rigid. 
 
The following x, y, and z dimensions were 
created for the grid boxes for the targeted 
proteins: (92 Ǻ, 72 Ǻ, 104 Ǻ) for Coagulation 
factor XII; (126 Ǻ, 126 Ǻ, 126 Ǻ) for Factor XIa; 
(67 Ǻ, 126 Ǻ, 80 Ǻ) for fibrinogen, and (126 Ǻ, 
126 Ǻ, 126 Ǻ) for prothrombin. Grid dimensions 
were chosen to encompass the entire protein 
surface based on preliminary structural analysis. 
The mass's center was used as the origin. The 
resulting PDB files were extracted following the 
execution of the docking protocol. The PDB files 
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for the phytochemicals that displayed strong 
bonding with proteins were then examined after 
obtaining the best-scoring results. PyMol was 
used to examine, manipulate, and explore the 3D 
structures of molecules [18]. The resulting PDB 
files were analyzed to investigate the polar and 
non-polar interactions between each 
phytochemical and the protein. 
 

RESULTS 
 
The docking protocol was carried out for four 
proteins: fibrinogen, prothrombin, Hageman 
factor and Factor XIa, which are important 
factors involved in blood clotting, specifically in 
the intrinsic pathway. It is worth mentioning that 
the aim was to evaluate how these proteins 
interact with five selected phytochemicals 
(curcumin, demethoxycurcumin, abscisic acid, 
humulone and zingiberene). 
 
Three main parameters were used to compare 
the results. The first was the binding free energy, 
which is a measure of the strength of interaction 
between the ligand and the target protein, where 
the lower values indicate stronger binding. The 
inhibition constant (Ki) is another parameter that 
represents the concentration at which 50% of the 
enzyme's activity is inhibited by the ligand, where 
the smaller Ki values indicate higher inhibitory 
potency. The third parameter is Root-Mean-
Square Deviation (RMSD). It measures the 
structural deviation of the ligand from its initial 
docked conformation. Since most ligands lacked 
co-crystallized reference structures, RMSD 
primarily reflects deviation from the initial docked 
pose rather than a comparison to an 
experimental reference. Therefore, these values 
should be interpreted cautiously and not 
considered a validation of docking accuracy. 
 
The RMSD was calculated relative to the input 
apo-form PDB structures. Since most ligands 
lacked co-crystallized reference poses, these 
RMSD values represent the deviation from the 

initial docked conformation rather than a true 
experimental reference. 
 
For the first protein, fibrinogen, the docking 
results (Table 1) show that curcumin stood out 
with the lowest binding free energy (-7.05 
kcal/mol) and a relatively low Ki value, 
suggesting strong binding and inhibitory potential 
against fibrinogen; demethoxycurcumin also 
showed favorable characteristics with a low Ki 
value; zingiberene exhibited a high RMSD value; 
however, as no co-crystallized reference ligand 
was available, RMSD primarily reflects deviation 
from the initial docked conformation and should 
not be interpreted as a measure of docking 
reliability. These results suggested that 
curcumin, demethoxycurcumin, and zingiberene 
might be potential inhibitors of fibrinogen. 
 
The presence of polar bonds between the protein 
and the phytochemical created a stronger 
binding interface compared to the nonpolar 
contacts, making it suitable for further in vitro 
tests. Figure 1 shows the interacting amino acids 
and the types of interactions. 
 
Docking of prothrombin with five phytochemicals 
(Table 2) shows that abscisic acid had a positive 
binding free energy, indicating that it is not a 
favorable ligand for binding to prothrombin. The 
high positive energy suggests that it may not 
bind well to the target. Additionally, the absence 
of an inhibition constant (Ki) indicated that the 
compound might not be a strong inhibitor of 
prothrombin. Among the tested phytochemicals, 
demethoxycurcumin and zingiberene showed the 
strongest binding affinities and inhibitory potential 
for prothrombin, while abscisic acid had the least 
favorable binding characteristics. 
 
As Table 2 shows, there were no polar 
interactions between prothrombin and the last 
two phytochemicals, suggesting that the binding 
will be weak. Figure 2 shows the interacting 
amino acids and the types of interactions. 

 
Table 1: Binding free energies, inhibition constants, structure deviation from the reference structure, number of 
polar contacts and names of amino acids involved in polar interactions for docking the phytochemicals to 
fibrinogen (protein) 
 

Ligand 
AutoDock binding 

free energy 
(kcal/mol) 

Inhibition 
constant, Ki 

(nM) 

RMSD from 
reference 

structure (Å) 

No. of 
polar 

contacts 

Amino acids 
involved in polar 

interactions 

Curcumin -7.05 6810 34.801 5 (3) TYR and (2) THR 

Demethoxycurcumin -7.07 6560 34.082 7 
TRP, GLY, TYR, (2) 
THR, VAL and TYR 

Abscisic acid -6.34 22390 31.805 3 SER, THR and GLY 

Humulone -6.54 16000 32.473 4 
TYR, (2) GLY and 

THR 

Zingiberene -7 7440 29.33 0 None 
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Figure 1: (A) Fibrinogen with curcumin, (B) Fibrinogen with demethoxycurcumin, (C) Fibrinogen with abscisic 
Acid (D) Fibrinogen with humulone and (E) Fibrinogen with zingiberene. Blue bonds represent nonpolar 
interactions, and yellow bonds represent polar interactions 
 
Table 2: Binding free energies, inhibition constants, structure deviation from the reference structure, number of 
polar contacts, and names of amino acids involved in polar interactions for docking the phytochemicals to 
prothrombin (protein) 
 

Ligand 
AutoDock binding 

free energy 
(kcal/mol) 

Inhibition 
constant, 
Ki (nM) 

RMSD from 
reference 

structure (Å) 

No. of 
polar 

contacts 

Amino acids 
involved in polar 

interactions 

Curcumin -7.66 2410 27.958 2 Asp, HIS. 

Demethoxycurcumin -10.83 11.54 26.119 6 
SER, ARG, ASP, 
Glu, TYR, SER 

Abscisic acid 51.79  22.743 2 THR, ASP. 

Humulone -7.47 3360 28.33 0 None 

Zingiberene -7.93 1540 25.867 0 None 
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Figure 2: (A) Prothrombin with curcumin, (B) Prothrombin with demethoxycurcumin, (C) Prothrombin with 
abscisic Acid (D) Prothrombin with humulone and (E) Prothrombin with zingiberene.  Blue bonds represent non-
polar interactions, and yellow bonds represent polar interactions 
 

Hageman factors docking results (Table 3) 
indicated that curcumin and demethoxycurcumin 
had the most favorable binding characteristics 
with Hageman factor among the tested ligands. 
They exhibited the lowest binding free energies, 
inhibition constants, and a reasonable number of 
polar contacts. However, the relatively high 
RMSD values suggested that these ligands might 
not perfectly fit the protein's binding site. Further 
studies, including experimental validation, might 
be needed to confirm their binding affinity and 

efficacy as potential inhibitors or modulators of 
Hageman factor. Figure 3 shows the interacting 
amino acids of Hageman factor and the types of 
interactions with the different docked ligands. 
 
The docking results for the last protein, Factor 
XIa (Table 4), show that curcumin appeared to 
be the most promising ligand among the five, 
with the lowest binding free energy (-8.46 
kcal/mol) and the lowest Ki value (631.16 nM), 
indicating strong binding and inhibitory potential. 
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Demethoxycurcumin also shows favorable 
characteristics with a relatively low RMSD value 
(20.782 Å). These results suggested that 
curcumin and demethoxycurcumin might be 

worth further investigation for their potential as 
inhibitors of Factor XIa. Figure 4 shows the 
interacting amino acids in Factor XIa and the 
types of interactions. 

 
Table 3: Binding free energies, inhibition constants, structure deviation from the reference structure, number of 
polar contacts and names of amino acids involved in polar interactions for docking the phytochemicals to 
Hageman factor (protein) 
 

Ligand 
AutoDock binding 

free energy 
(kcal/mol) 

Inhibition 
constant, 
Ki (nM) 

RMSD from 
reference 

structure (Å) 

No. of 
polar 

contacts 

Amino acids 
involved in polar 

interactions 

Curcumin -8.27 859.89 22.025 5 
GLN, ILE, TYR, 

CYS, ARG 

Demethoxycurcumin -8.51 581.64 22.943 2 TYR, ILE 

Abscisic acid -6.63 13740 20.228 4 
GLY (2), CYS and 

ARG 

Humulone -7.71 2220 22.487 4 CYS (2), TYR (2) 

Zingiberene -7.06 6650 20.961 0 None 

 

 
 
Figure 3: (A) Hageman factor with curcumin, (B) Hageman factor with demethoxycurcumin, (C) Hageman factor 
with abscisic Acid (D) Hageman factor with humulone and (E) Hageman factor with zingiberene.  Blue bonds 
represent non-polar interactions, and yellow bonds represent polar interactions 
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Table 4: Binding free energies, inhibition constants, structure deviation from the reference structure, number of 
polar contacts, and name of amino acids involved in polar interactions for docking the phytochemicals to Factor 
XIa antecedent (protein) 
 

Ligand 
AutoDock binding 

free energy 
(kcal/mol) 

Inhibition 
constant, 
Ki (nM) 

RMSD from 
reference 

structure (Å) 

No. of 
polar 

contacts 

Amino acids 
involved in polar 

interactions 

Curcumin 
 
 

-8.46 
 
 

631.16 
 
 

21.621 
 
 

8 
 
 

VAL, ASP, CYS, SER 
(2), ASP and GLY 

Demethoxycurcumin 
 
 

-7.77 
 
 

2020 
 
 

20.782 
 
 

7 
 
 

ASP, CYS, SER (2), 
GLY, ASP and CYS 

Abscisic acid 
 

-7.81 
 

1900 
 

22.764 
 

6 
 

GLY (2), SER (2), 
GLY and ASP 

Humulone 
 

-6.43 
 

19490 
 

23.491 
 

6 
 

GLU (2), SER, GLY 
and GLY (2) 

Zingiberene -6.23 27050 23.582 0 None 

 

 
 
Figure 4: (A) Factor XIa antecedent with curcumin, (B) Factor XIa with demethoxycurcumin, (C) Factor XIa with 
abscisic Acid (D) Factor XIa with humulone and (E) Factor XIa with zingiberene.  Blue bonds represent non-polar 
interactions, and yellow bonds represent polar interactions 
 

To validate the docking protocol, a re-docking 
approach was performed using milvexian, the co-
crystallized and experimentally validated inhibitor 
of Factor XIa antecedent (PTA; activated 

coagulation factor XIa, FXIa). Milvexian was 
extracted from the crystal structure of the FXIa–
milvexian complex (PDB ID: 7MBO) and re-
docked into the same binding site, after which 
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the docked poses were compared with the 
crystallographic binding mode using root-mean-
square deviation (RMSD) analysis of ligand 
heavy atoms following optimal superposition. 
Among the 50 poses generated by AutoDock4, 
validation was focused on the 10 poses 
exhibiting the lowest RMSD values, as these 
represent the most reliable reproductions of the 
experimental binding mode. For these top-ranked 
poses, RMSD values showed a narrow 
distribution with an average of 2.29 ± 0.03 Å, 
indicating a high degree of structural 
consistency. In addition, the lowest-energy pose 
(ΔG = −7.33 kcal/mol) displayed an RMSD of 
2.27 Å relative to the crystallographic ligand, 
further supporting the ability of the docking 
protocol to reproduce the experimentally 
observed binding orientation of milvexian within 
the active site of Factor XIa antecedent. Notably, 
none of the other protein structures included in 
this study contained a co-crystallized inhibitor; 
therefore, re-docking-based validation was 
feasible only for milvexian. To validate the 
docking protocol, the predicted binding poses of 
milvexian were quantitatively compared with the 
experimental reference conformation in complex 
with human coagulation factor XIa (PDB ID: 
7MBO) using root-mean-square deviation 
(RMSD) analysis. RMSD values were calculated 
for ligand heavy atoms after optimal 
superposition relative to the reference milvexian 
structure extracted from the 7MBO complex. 
Across the 50 docked poses generated by 
AutoDock4, RMSD values ranged from 2.24 to 
3.97 Å, with an average RMSD of 3.17 ± 0.67 Å 
(mean ± standard deviation). Importantly, the 
lowest-energy docked pose (ΔG = −7.33 
kcal/mol) exhibited an RMSD of 2.27 Å 
compared with the experimental binding mode, 
indicating a close agreement between the 
predicted and crystallographic ligand 
orientations. Collectively, these results 
demonstrate that the docking protocol reliably 
reproduces the experimentally observed binding 
mode of milvexian within the active site of factor 
XIa, supporting the robustness and validity of the 
docking methodology employed in this study. 
 

DISCUSSION 
 
Selected plant-derived phytochemicals were 
investigated and their possible binding to 
biological targets (fibrinogen, prothrombin, Factor 
XIa and Hageman factor) was examined, too. 
The strong binding might consequently indicate a 
possible activation of intrinsic and extrinsic 
pathways of blood coagulation. It should be 
noted that the present study employed rigid 
docking, which does not account for protein 
flexibility and may overestimate binding affinities. 

Future studies incorporating molecular dynamics 
simulations and experimental assays are 
necessary to validate the stability and biological 
relevance of the predicted interactions. 
Additionally, enzyme assays need to be carried 
out to confirm whether the binding processes are 
inhibitory or activatory.  
The study was conducted to provide exploratory 
results about the phytochemical compounds that 
could be used in studies for the activation of 
coagulation processes. The results indicated that 
there was a strong yet differential binding 
between several tested phytochemicals and the 
targeted proteins. The current work was 
nonetheless conducted using rigid docking, 
which gives a rough estimation for the binding 
free energies when compared to flexible docking. 
However, the analysis introduced prior 
knowledge about the tested compounds in silico 
and served as a basis for future in vitro studies.  
 
Curcumin, demethoxycurcumin, abscisic acid, 
zingiberene, and humulone showed favorable 
docking results on the active site of fibrinogen, 
making them plausible candidates for further 
experiments. In the docking results, the 
compounds bind to the whole protein surface 
with strong bonds. The existence of polar bonds 
makes the binding stronger and the test for 
binding more accurate and useful. Only 
zingiberene showed no polar bonds, although it 
showed good docking results. 
 
For prothrombin protein, docking results showed 
that four out of the five phytochemicals interacted 
strongly with the protein, scanning the whole 
protein surface (curcumin, demethoxycurcumin, 
zingiberene and humulone), while abscisic acid 
showed a positive AutoDock binding free energy 
(+51.79 kcal/mol), which indicated that there was 
no real binding even though it had two polar 
bonds. Both curcumin and demethoxycurcumin 
phytochemicals introduced binding with more 
than one polar bond, making them feasible lead 
compounds for further studies. The binding free 
energies for the majority of phytochemicals to the 
prothrombin showed very low inhibition 
constants, in the low range of micromolars, and 
demethoxycurcumin in the nanomolar range 
(except abscisic acid, which had no inhibition 
constant), introducing prothrombin as a hub 
target in a possible activation of intrinsic and 
extrinsic pathways of blood coagulation. 
 
For Hageman factor, good ranges of AutoDock 
binding free energies (-8.51to -6.63 kcal/mol) and 
inhibition constants (581.64 nM to 13,740 nM) for 
scanning the whole protein surface were found 
for five phytochemicals (curcumin, 
demethoxycurcumin, humulone, zingiberene and 
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abscisic acid). However, scanning the binding 
interface introduced polar binding for all 
phytochemicals except zingiberene. 
 
For Factor XIa, good ranges of AutoDock binding 
free energies (-8.46 to -6.23 kcal/mol) and 
inhibition constants (631.16 to 27,050 nM) were 
found, and all phytochemicals showed at least 
four polar bonds except for zingiberene, which 
had no polar bonds with Factor XIa.  
 
In all four proteins, zingiberene showed no polar 
bonds, whereas curcumin, demethoxycurcumin 
and abscisic acid consistently formed at least 
one polar bond with all four proteins. However, 
available studies on ginger and bleeding are not 
conclusive. While some studies indicated a 
potential link between ginger and increased 
bleeding risk, others report conflicting results, 
suggesting that ginger might not significantly 
impact bleeding in most individuals [10]. 
Moreover, the doses and forms of ginger used in 
these studies vary. 
 
From a tropical medicine perspective, the 
findings of this study are particularly relevant due 
to the widespread availability, low cost, and 
traditional use of ginger in tropical and 
subtropical regions. In settings where access to 
conventional pharmacological agents for 
managing bleeding or coagulation disorders is 
limited, plant-derived compounds may offer 
complementary or supportive therapeutic 
options. Although the present findings are based 
on in silico analysis and do not account for 
protein flexibility or biological complexity, they 
provide a mechanistic framework that may guide 
future experimental and clinical investigations 
focused on developing affordable and accessible 
interventions for coagulation-related disorders in 
tropical regions. 
 

CONCLUSION 
 
Certain plant-derived phytochemicals may exhibit 
modulatory effects on coagulation-related 
targets, which means it would disturb the blood 
clotting process. A group of phytochemicals 
derived from ginger that may be responsible for 
the clotting process includes curcumin, 
demethoxycurcumin, humulone, abscisic acid, 
and zingiberene.  In terms of binding affinity 
constants and free energies, curcumin, 
demethoxycurcumin, and zingiberene 
demonstrated outstanding outcomes when 
targeting a number of proteins, including 
fibrinogen, coagulation factor XII, factor XIa, and 
prothrombin, which are important factors in the 
intrinsic pathway. Particular attention should be 
paid to demethoxycurcumin, which displayed the 

best docking outcomes. Demethoxycurcumin 
also made an important distinction in polar bonds 
with proteins. 
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