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Abstract 

Factor Xa is an important target for the development of new anticoagulants. The present study aims to examine the effect of 

three compounds (Quercetin and its derivatives Rutin and Troxerutin) in comparison with Rivaroxaban on activated Human 

Clotting factor X (PDB ID: 2w26). Molecular docking was performed using iGemDock v2.1 software to predict their anti-

activating factor X activity and Autodock vina software to check the bonds formed. Next, the in vitro biological effects on 

both PT and aPTT coagulation time were studied. Troxerutin and Rutin showed the best interaction values with 2w26 enzyme, 

and the binding energy was [(-185.743 kcal/mol) and (-178.034 kcal/mol)], respectively, using iGemDock; While the binding 

energy of Rivaroxaban was (-149.661 kcal/mol). The results of the in vitro study showed that the studied compounds have an 

effect in prolonging PT, aPTT compared to both negative and positive control. However, Troxerutin gave the highest 
prolongation of the evaluated clotting times, consistent with the in silico study the results.. 

 Keywords: Anticoagulants; Factor Xa; Molecular docking; Rivaroxaban; Troxerutin

1 Introduction 

Thrombotic disorders which may be inherited or 

acquired [1], greatly affect global health, being the 

leading cause of death and disability morbidity 

worldwide in both developed and developing countries 

[2–4] according to the most recent World Health 

Organization report [5–9]. In fact, thrombotic diseases, 

such as Ischemic Heart, Ischemic Stroke, and Venous 

Thromboembolism, could cause organ tissue ischemia, 

necrosis, and seriously endanger human health [10].  

Prevention and treatment of thrombotic disorders 

and embolic events require anticoagulant therapy 

[11,12], there are types of multi-targeted anticoagulants 

[13], including Unfractionated Hepari  and its 

derivatives [14–16], and Vitamin K antagonists [17–19]  

are widely used for many years over the previous 

decades. Even though their effects are well established, 

the deleterious life-threatening side effects or 

complications of these drugs have also been well 

documented [20,21] such as the narrow treatment 

window, necessity of continuous laboratory frequent 

monitoring, and a wide range of food and drug 

interactions, or possess many limitations such as slow 

onset, increased bleeding risk and causing bleeding, so 

that, they are associated with significant drawbacks that 

limit their use and acceptability in the clinical setting 

[22,23]. These deficiencies have encouraged the search 

for novel selective and safe alternatives in the clinical 

setting [24–26]. Indeed, several anticoagulant agents 

that specifically target a single clotting factor within the 

coagulation cascade, such as thrombin [27,28] or factor 

Xa (FXa) [29–31] are currently in development in an 

attempt to meet this need. Upon the release of thrombin 

inhibitors in the market, many disadvantages were 

reported for their direct action, resulting in undesirable 

effects, limiting their use and acceptability in the 

clinical setting. Therefore, the design of FXa inhibitors 

became the focus of many medicinal chemists for 

developing potent orally bioavailable anticoagulants 

with improved efficacy [32–36]. Therefore, FXa is 

recognized as an ideal, attractive model and smart target 

for anticoagulation therapy in the development of new 

drugs, which makes FXa inhibitors become a hot topic 
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of anticoagulant research [37]. Factor Xa has a critical 

role in the blood coagulation process by converting 

prothrombin to thrombin. Whereas, One factor Xa 

molecule stimulates several prothrombin molecules to 

thrombin molecules in the coagulation pathway through 

signal amplification [38]. Factor Xa is a serine protease, 

and it structurally belongs to the trypsin-like family that 

plays significant roles in many key biological processes 

[39]. Four functional sub-pockets form up the active site 

of human coagulation factor Xa. The target pockets of 

the Factor Xa are the S1 and S4 binding pockets. The 

S1 pocket describes the key selectivity and binding 

segment and it usually favors positively charged 

moieties such as benzamidine, amine, and guanidine. 

The second major binding pocket is S4 and is formed 

by different residues of amino acid residues. Usually, 

Factor Xa inhibitors bind in an L-shaped conformation 

with the active pocket [39,40]. 

In silico methods are good scientific tools for 

understanding biological processes [41]. Using 

molecular docking tools has become an important step 

in developing and discovering new drugs for many 

diseases, as it saves a lot of effort, time, and money as 

well [42–44].  Molecular docking is a computational 

method of searching for a suitable ligand, which 

matches the protein's binding position both 

energetically and geometrically. Molecular docking is 

routinely used to understand the interaction of a drug-

receptor and is often used to predict the affinity and 

activity of a ligand or drug molecule to the binding site 

of target proteins [45]. So, many sampling algorithms 

have been developed and used widely in software for 

molecular docking [46]. Auto Dock Vina [47–49] and 

iGemdock [50–53] are among the most common and 

most broadly used molecular docking programs [54].  

Because of the great sales achieved around the world 

by Rivaroxaban despite some severe side effects such as 

fatal bleeding and other symptoms as well as rebound 

thromboembolic effects when treatment is stopped, this 

has motivated us to investigate natural compounds that 

may be safe to suggest as an anticoagulant that acts 

similarly to it and has fewer side effects [55–57]. 

Natural compounds have over the centuries been a 

very attractive source of research on new effective, safe, 

and inexpensive drugs [58,59]. Flavonoids are a class of 

natural compounds with anti-biotic, anti-viral, 

anti‑ inflammatory, anti-thrombus, anti‑ oxidative, and 

anti‑ tumoral effects [60,61]. Quercetin (Qur) is an 

aglycone; however, it is typically conjugated to 

monosaccharides (e.g., glucose, xylose, rhamnose, 

arabinose, or galactose) or disaccharide (e.g., Rutinose). 

In onions, Quercetin is hooked up to the glucose moiety 

and forms Quercetin-3-O-glucoside (Isoquercetin), 

while in apple and tea, Quercetin is conjugated to 

Rutinose to make Quercetin-3-O-rutinoside (Rutin).  It 

has antiviral, immunomodulatory, and anticoagulant 

effects, It also proved good effects in the modern era 

disease, which is Covid 19 [62–64]. Whereas, Rutin 

(Rut) showed several pharmacological activities, 

including antioxidant, cellular protection, vascular 

protective, anticancer, neuroprotective, and 

cardioprotective activities [65,66].  Troxerutin (Trx) 

also known as vitamin P4, is one of the well-known and 

medicinally used flavonoids [67], it is a 

trihydroxyethylated derivative of Rutin. It has been 

used to treat chronic venous insufficiency (CVI) and 

many diseases. Troxerutin can be more easily absorbed 

by the digestive system in comparison with Rutin [68]. 

Troxerutin has proven to be of excellent safety profile 

and tolerable even at high doses in clinical trials [69]. 

In this research, Quercetin (aglycone) [70] and its 

derivatives of glycosidic flavonoids which are Rutin 

[71], and Troxerutin [72] were compared with 

Rivaroxaban as a positive reference [73], in silico and 

in vitro to detect the efficiency of their potential effect 

as factor Xa inhibitors.  

 

2- Materials and Methods 

All the experimental works were carried out using 

analytical-grade chemicals, reagents, and solvents. They 

were procured from commercial sources.  

Chemicals: Factor Xa inhibitor Rivaroxaban was 

supplied by Ibn Al Haytham for the Pharmaceutical 

industry Company in Syria. Troxerutin was purchased 

from the Mediotic Pharmaceutical industry in Syria. 

Quercetin and Rutin were purchased from the UK 

Company Sigma Aldrich. Distilled water was used as a 

solvent for the compounds, in addition to a DMSO 

solution imported from Sigma Aldrich. Prothrombin 

Time (PT) and Activated Partial Thromboplastin Time 

(aPTT) kits were purchased from DIALAB, located in 

Austria.  

Equipment: Sartorius TE214 precision balance 

(German make); HeraeusMegafuge (Centrifuge 
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Germany); 5CC disposable syringes; Sodium citrate 

tubes (Italian make); and Coagulyzer® 1 from 

Analyticon (German make) was used as an instrument 

in tests to measure clotting times. 

1.1 In silico Docking Study 

1.1.1 Protein Preparation 

The crystal structure of the protein that we used for 

docking studies was obtained from the Protein Data 

Bank (PDB) [74][75], which is a free resource for 3D 

structures of proteins and other large molecules. We 

described the active site based on the binding model of 

the x-ray complex structure of the enzyme PDB 

ID:2w26 [76] and it had a resolution factor 2.08 A°. 

The enzyme was downloaded and saved in PDB format. 

Figure 1 presents its 3D structure, 

 
Fig. 1. This figure shows the 3D structure of the 2w26   

enzyme.  

 

 

 

 

 

 

 

 

Fig. 2. This figure shows the 3D binding site of the 2w26 

enzyme in red colour with reference inhibitor (Rivaroxaban) 

in blue. 

 

 

 

 

 

 

 

 

 

 

while Figure 2 presents the active site of the 

(2w26) as determined based on its complex x-ray 

structure and the binding ligand (RIV). 

1.1.2 Ligands preparation 

Quercetin (ID: ZINC3869685), Rutin (ID: 

ZINC4096846), Troxerutin (ID: ZINC85552699), and 

Rivaroxaban (ID: ZINC3964126) that their chemical 

structures are shown in table 1, were downloaded in 

SDF format from ZINC [45,46], a free-to-access 

database of compounds offering ready-formats for 

virtual screening. SDF files were then converted to 

MOL2 files using Open Babel for the virtual screening 

process on iGemdock v2.1 [79]. They were also 

converted into PDB files using Pymol to prepare the 

compound for docking on AutoDock Vina [80]. 

It is possible to exclude natural compounds from 

Lipinski and Veber rules because of their high 

complexity and special conformational features, which 

is supported by recent studies [81]. Troxerutin, for 

example, is used as a medicine for the treatment of 

hemorrhoids, varicose veins, and other chronic vascular 

insufficiency diseases [67]. 

 

1.1.3 Virtual screening using iGEMDOCK v2.1 

iGemdock v2.1 was used to perform the docking 

study for the (2w26) that interacts with the compounds. 

Afterward, their effect on coagulation times PT, and 

aPTT in vitro has been evaluated. The program software 

is available for free and was used in previous research 

[52]. 

iGemdock is an integrated virtual screening 

(VS) ‎environment for preparations through post-

screening analysis with pharmacological ‎interactions 

[82]. iGemdock was used as a molecular docking tool to 

dock the (2w26) with our selected ‎compound. 

iGemdock ‎provides interactive interfaces to prepare ‎the 

screening compounds’ library and the binding site of 

the targeted enzyme. Using iGemdock, each compound 

in the library was docked into the binding ‎site. The 

protein-compound interaction was inferred by the 

software, which then clustered the screening 

compounds for the post-screening analysis based on 

profiles of hydrogen-bonding ‎‎(H), electrostatic (E), and 

Van der Waal’s (V) interactions. Furthermore, based on 

compound structures, ‎iGemdock inferred the 

pharmacological interactions. Finally, the software 

ranked and visualized the screening ‎compounds by 

combining the pharmacological interactions and energy-

based scoring ‎functions provided.  
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Table 1: This table shows the structure and information of the Quercetin, Rutin, Troxerutin and Rivaroxaban. 

Chemical 

Name 
IUPAC Name Information Compound Structure 

Rivaroxaban  5-chloro-N-[[(5S)-2-oxo-3-[4-

(3-oxomorpholin-4-yl)phenyl]-

1,3-oxazolidin-5-

yl]methyl]thiophene-2-

carboxamide 

MW: 435.889 g/mol 

MF: C19H18ClN3O5S 

H-bond donor: 1 

H-bond acceptor: 6 

Log p: 2.52 

 

Quercetin 

 

 

2-(3,4-Dihydroxyphenyl)-

3,5,7-trihydroxy-4H-chromen-

4-one 

MW: 302.23 g/mol 

MF: C15H10O7 

H-bond donor: 3 

H-bond acceptor: 7 

Log p: 1.98 

 

Rutin  2-(3,4-dihydroxyphenyl)-5,7-

dihydroxy-3-

[(2S,3R,4S,5S,6R)-3,4,5-

trihydroxy-6-

[[(2R,3R,4R,5R,6S)-3,4,5-

trihydroxy-6-methyloxan-2-

yl]oxymethyl]oxan-2-

yl]oxychromen-4-one 

MW: 610.52 g/mol 

MF: C27H30O16 

H-bond donor: 10 

H-bond acceptor: 16 

Log p: -1.68 

 
Troxerutin  2-[3,4-bis(2-

hydroxyethoxy)phenyl]-5-

hydroxy-7-(2-hydroxyethoxy)-

3-[(2S,3R,4S,5S,6R)-3,4,5-

trihydroxy-6-

[[(2R,3R,4R,5R,6S)-3,4,5-

trihydroxy-6-methyloxan-2-

yl]oxymethyl]oxan-2-

yl]oxychromen-4-one 

MW: 742.68 g/mol 

MF: C33H42O19 

H-bond donor: 10 

H-bond acceptor: 19 

Log p: -2.691 
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We used the protocol ―accurate docking‖ with 

default parameters including a population size of 

800 ‎with 80 generations and 10 number of solutions. 

After the docking, the software performed the post 

docking ‎analysis to find the docking pose and its energy 

values. The empirical ‎scoring function of iGemdock 

was estimated using the following equation: 

Energy = vdW + H-bond + Elec 

whereas the vdW is van der Waal energy, H-bond is 

hydrogen bonding energy, and Elect is electro statistic 

energy. ‎ 

 

1.1.4 Pre-molecular docking procedures, active 

site prediction, and molecular docking 

Molecular docking was performed using AutoDock 

Vina [47]. In previous steps, water molecules and 

standard ligand were removed then hydrogen atoms and 

charges were added using the discovery studio 

visualization tool [83] and AutoDock tools. The PDB 

format of Macromolecule and studied compounds are 

converted to AutoDock’s PDBQT format. The active 

pocket region of protein 2w26 is predicted using 

Discovery Studio 2021 [84,85], which provides 

information about the active site of the macromolecule 

in which the pre-loaded ligand binds to it. 

The docking of small molecules to the protein was 

focused on the specified binding site. The total number 

of rotatable bonds of the ligands is calculated. The Grid 

was defined as the predicted binding site of the protein 

structure with the configurations of x/y/z coordinates 

was set to center_x=7.960828, center_y=5.317448, 

center_z=21.771931 in X, Y, Z dimensions and was set 

to size_x=30, size_y=20, size_z=30 of the grid box. 

 

1.1.5 Protein-ligand interactions 

Interactions like Hydrogen Bonding and other non-

bonded terms between the three docked compounds and 

the protein are displayed and analyzed using Discovery 

Studio Visualizer [86].  

 

1.2 In vitro Study 

1.2.1 In vitro study with blood from healthy 

volunteers 

Blood samples were collected in trisodium citrate 

tubes from 21 healthy volunteers who had not taken any 

medications (All volunteers were males aged 25 – 50 

years to avoid the side effects of female hormones on 

coagulation). In order of registration, all blood samples 

were numbered and centrifuged and the coagulation 

times of each volunteer were measured before the 

experiment. Blood samples were mixed with negative 

control, stock solutions of Quercetin (Qur), Rutin (Rut), 

Troxerutin (Trx), and Rivaroxaban (Riv) as a positive 

control, in addition to a separate series of diluted 

solutions of Trx stock to confirm theirs in vitro anti-

coagulation effects. 

Quercetin, Rutin, Troxerutin, and Rivaroxaban were 

each dissolved in DMSO and then diluted with distilled 

water to yield stock solutions of 5 mM [87] with a 

proper amount in all of them. The stock solution of Trx 

was also diluted with distilled water to get 

concentrations of 4 mM, 3 mM, 2 mM, 1.5 mM, 1 mM, 

and 0.5 mM, respectively. Finally, each solution was 

mixed with a portion of plasma samples at the time of 

assay. The first 10 samples were used to test the effect 

of all stock solutions on PT, while the second 6 samples 

were used to test the effect of the series of diluted 

solutions of Trx stock solution on PT, while last 5 

samples were used to determine the effect of all 

solutions on aPTT. After incubating the tested samples 

for 5 min. at a temperature of 37°C, we immediately 

registered the PT and aPTT effects.  

 

1.3 Statistical Analysis 

Statistical analysis was performed using SPSS 24 by 

one-way ANOVA with Tukey post-test for comparison. 

The p -value ≤0.05 was considered highly significant. 

Values are expressed as mean ± SD. 

2 Results and Discussion 

In this research, the effectiveness of several 

substances was studied in comparison to Rivaroxaban 

as an anticoagulant and its effects in prolonging clotting 

times. Firstly, we conducted an in silico study of the 

compounds as an anti-factor Xa in comparison to 

Rivaroxaban. Afterward, the results were also studied in 

vitro. 

2.1 In silico Study 

Molecular docking is the best method to investigate 

the suitability of any chemical as a remedy before 

proceeding continuing with any in vivo or in vitro 

studies. This is in order to shorten the time needed for 

experiments and to ensure cost savings. In this part of 

our study, Quercetin, Rutin, and Troxerutin were 

docked against human coagulation factor Xa (PDB ID: 

2W26) in comparison to Rivaroxaban by using 

iGemdock to evaluate the in silico anticoagulant effect 

and conclude its interactive analysis by Autodock Vina 

software before investigating the in vitro effects. 

2.1.1 Drug screening using iGEMDOCK v2.1 

Trx showed good binding energy to 2w26 enzyme in 

silico compared to synthetic inhibitors that are available 

in the medication market. The kcal/mol results 

demonstrated that Trx had the highest binding energy (-

185.743 kcal/ mol). This is demonstrated in Table 2 

compared to a positive control (Riv) (-149.661 
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kcal/mol) and the two rest compounds Rut and Qur. 

Therefore, these molecular docking analyses could 

express the potentially potent 2w26 inhibitors for the 

prevention and treatment of thrombosis. 

Figure 3 shows the binding site of the compounds 

within the target pocket required for the molecular 

screening process, which proves the validity of the 

molecular docking method using iGEMDOCK v2.1. 

Figure 4 below shows the predicted docking pose of 

each compound individually in comparison with the 

basic enzymatic ligand, and Table 3 illustrates the 

predicted interacting amino acid residues that are 

involved in the binding of each compound. 

 Figure 5 shows the amino acid residues in the 

active pocket that are interaction with Troxerutin using 

iGEMDOCK. 

Table 2: This table shows the values for the binding energies of the studied compounds resulting from the use of the iGEMDOCK 

v2.1. 

S. No. Compound name 

Total binding 

energy 

(kcal/mol) 

Vanderwaals 

force 

(kcal/mol) 

H Bond 

(kcal/mol) 
Electrostatic 

1 Troxerutin -185.743 -153.857 -31.8855 0 

2 Rutin -178.034 -143.594 -34.44 0 

3 Rivaroxaban  -149.661 -135.591 -14.0703 0 

4 Quercetin -129.123 -87.8123 -41.3108 0 

 
Fig. 3: This figure shows the binding site of the studied compounds in the targeted pocket of the 2w26. 

Table 3: This table shows the predicted interacting amino acid residues stabilizing compounds in the binding site by iGEMDOCK 

. 

Compound name and ID hydrogen bond Van der Waals interaction 

Troxerutin 

HIS-57, TYR-99, ARG-143, ASP-189, 

ALA-190, GLN-192, SER-195, TRP-

215, GLY-216, CYS-220, ARG-222, 

ILE-227 

HIS-57, TYR-99, ARG-143, PHE-174, 

ALA-190, CYS-191, GLN-192, SER-

214, TRP-215, GLY-216, GLU-217, 

GLY-219, TYR-228 

Rutin 

GLU-97, THR-98, TYR-99, ASP-189, 

ALA-190, CYS-191, GLN-192, TRP-

215, GLY-216, GLY-219, CYS-220,  

HIS-57, TYR-99, PHE-174, ALA-190, 

CYS-191, GLN-192, SER-214, TRP-

215, GLY-216, GLU-217, GLY-219, 

TYR-228 

Quercetin 
TYR-99, ASP-189, ALA-190, GLN-

192, GLY-193, SER-195 

HIS-57, TYR-99, ALA-190, CYS-191, 

GLN-192, SER-214, GLY-216 

Rivaroxaban GLN-192, GLY-219, CYS-220 

TYR-99, PHE-174, ALA-190, CYS-191, 

GLN-192, SER-214, TRP-215, GLY-

216, GLU-217, GLY-219, TYR-228 
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Fig. 4: This Figure shows the predicted docking pose of the studied compounds (A. Troxerutin, B. Rutin, C. Quercetin, and D. 

Rivaroxaban, respectively) within the active site of the target protein (PDB ID-2w26). The pink color represents the corresponding 

molecule and the green color represents the corresponding reference ligand that was loaded on the enzyme. Green and grey colors 

represent the amino acids involved in hydrogen bonding and Van der Waals interactions respectively.   

B. 

A. 

C. 

D. 
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Fig. 5:  This Figure shows the interaction of Troxerutin with amino acid residues in the active pocket of the protein 2w26 using 

iGEMDOCK. 

2.1.2 Molecular docking by AutoDock Vina 

Molecular docking was performed using AutoDock 

Vina with the previous three compounds to verify their 

interactions with the target protein. The Predicted 

interacting amino acid residues were illustrated in table 

4 and Figure 6. 

Figure 6 below show the interaction between 2w26 

enzyme and compounds visualized using Discovery 

Studio Visualizer. They represent various residues 

corresponding to the different interactions of 2w26 

enzyme with the molecule that is the subject of our 

study. 

 

Table 4: This table shows the predicted interacting amino acid residues stabilizing compounds in the binding site by AutoDock Vina. 

Compound name  
Hydrogen bond Hydrophobic  

New bonds Common bonds New bonds Common bonds 

Troxerutin  
GLU97 GLU147 

GLY219 

HIS57 TYR99 

ASP189 ARG222 
CYS220 TYR99 PHE174 TRP215 

Rutin 
PHE174 CYS191 

SER195 ARG222 

TYR99 GLN192 

TRP215 GLY216 

GLY219 

- TYR99 PHE174 TRP215 

Quercetin GLY216 ASP189 ALA190 CYS220 ALA190 CYS191 GLN192 

Rivaroxaban  - GLY219 CYS220 VAL213 

TYR99  PHE174 ALA190 

CYS191 GLN192 TRP215  

GLY216 GLY217 TYR228 

 

        Based on the in silico study, it was suggested that 

Quercetin, Rutin, and Troxerutin are potentially 

effective inhibitors for human coagulation factor Xa. 

2.2 Effect on in vitro Study 

Based on the previous results of the in silico study, 

an in vitro study was conducted to confirm the 

theoretical results. Coagulation times were measured. 

These included: activated Partial Thromboplastin Time 

(aPTT), which is the measure of the functional activity 

of multiple factors in the intrinsic pathway, in addition 

to FII and FX. Furthermore, by measuring Prothrombin 

Time (PT), several factors in the extrinsic pathway such 

as VII and V are evaluated in addition to the common 

factors, such as factor Xa, which was done after 

preparing the specific concentrations of the studied 

compounds. 

A negative control solution consisting of DMSO 

20%, a positive control solution for Rivaroxaban, stock 

solutions for the studied compounds, and a series of 

diluted solutions from Trx stock solution were prepared. 

The measurements were made after mixing each 

solution separately with a portion of the plasma of each 

volunteer in a specified proportion, which were 

incubated at a temperature corresponding to the human 

body temperature for five minutes.  
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Fig. 6: This Figure shows the 3D and 2D binding poses of (a) Troxerutin, (b) Rutin, (c) Quercetin, (d) Rivaroxaban simulated by 

AutoDock Vina. For each ligand, hydrogen, carbon-hydrogen, unfavorable, as well as and–bonds are depicted as broken lines in green, 

light blue, purple, and magenta respectively. 

Then the examinations were performed according to 

the directions/protocol on the reagent leaflet that was 

used. 

All values are given in seconds as the mean of the 

measurements ± SD. Differences between controls and 

sample measurement were assessed by one-way 

ANOVA with Tukey post-test. A p -value ≤0.05 was 

considered statistically significant. 

The results in Table 5 and Figure 7 showed that 

each solution was prepared with a concentration of 5 

mM and was examined, had the effect of almost 
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prolonging the coagulation times, with statistically 

significant differences compared to the negative  

control

Table 5: This table shows the effect of studied compounds solutions Qur, Rut, Trx, and Riv, as well as a negative control, on 

coagulation times. 

Fig. 7: This Figure represents the effect of the studied groups of solutions on PT and aPTT coagulation times 

The results in Table 6 and Figure 8 showed that 

each solution prepared for the Troxerutin in the 

examined concentrations has prolonged the coagulation 

times almost directly proportional to the increase in the 

concentration. When studying the values statistically, 

there are significant differences for the studied 

concentrations groups with a p -value ≤0.05 compared 

to the negative control. 

 

 
 

Table 6: This table shows the effect of diluent solutions from the stock solution of Trx and the negative control (only distilled water) 

on coagulation times. 

Solution groups 

(Trx solutions with several concentrations) 
PT(Sec) 

n = 6 

 (means±SD) 

aPTT (Sec) 

n = 5 

(means±SD) 

Water (N.C.) 14.48 ± 1.07 26.24 ± 1.59 

0.5 mM 24.84 ± 0.69* 50.62 ± 1.54* 

1 mM 30.76 ± 0.63* 61.55 ± 1.85* 

1.5 mM 31.54 ± 0.36* 63.25 ± 1.94* 

2 mM 44.70 ± 0.54* 89.49 ± 2.71* 

0

100

200

300

400

(N.C.) RIV Qur Rut  Trx

Solution groups   
(stock solution 5 mM) 

PT(Sec) aPTT (Sec)

Solution groups 

PT(Sec) 

n = 10 

(means±SD) 

aPTT (Sec) 

n = 5 

(means±SD) 

DMSO 20% (N.C.) 37.22 ± 1.05 52.06 ± 1.84 

RIV (5 mM) (positive control) 102.03± 0.90* 219.00 ± 6.81* 

Qur (5 mM) 38.51 ± 0.49* 82.52 ± 2.57* 

Rut (5 mM) 105.13 ± 1.19* 221.33 ±6.67* 

Trx (5 mM) 157.61 ± 0.74* 337.12 ± 10.49* 

* The mean difference is significant at the 0.05 level with respect to the negative control group. 
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3 mM 63.30 ± 0.37* 125.30 ± 3.86* 

4 mM 101.29 ± 0.73* 202.32 ± 6.27* 

5 mM (stock solution of Trx) 157.80 ± 0.70* 337.04 ± 10.50* 

* The mean difference is significant at the 0.05 level with respect to the negative control group. 

 

 

 
Fig. 8: This Figure represents the effect of the studied diluent solutions of Trx on PT and aPTT coagulation times. 

 

The overarching results show that the application of 

Quercetin, Rutin, Troxerutin, and Rivaroxaban (as 

positive control) had an effect on the coagulation times 

of PT and aPTT in the in vitro study. They led to a 

prolongation of coagulation times compared to the 

negative control. The inhibitory effect of factor X of 

Quercetin has been confirmed by several recent studies 

[88,89]. Furthermore, this study examined the 

Structure-Activity Relationship (SAR). The results 

revealed the superiority of the flavonoid glucosides 

(Rutin and Troxerutin) over their aglycone part 

(Quercetin). Therefore, they can be considered agents 

with anti-factor Xa properties, but may also affect 

multiple targets other than factor Xa according to 

recent studies [66,90–93]. 

3 Conclusions 

Recent significant developments in docking and 

screening have made them a valuable tool in the 

medication discovery and research processes. This 

study aimed to predict and determine the efficacy of the 

studied compounds as an inhibitor of the human 

coagulation factor Xa. The results obtained from in 

silico and in vitro studies revealed that Quercetin, 

Rutin, and Troxerutin may be candidates as inhibitors 

for the human coagulation factor Xa. When compared 

to medications with FDA approval for the inhibition of 

factor Xa, Rivaroxaban, in addition to the negative 

control, the compounds prolonged coagulation times 

when studied in vitro with specific concentrations. 

Thus, Rutin and Troxerutin can be considered good 

anticoagulants for inhibiting the human coagulation 

factor Xa as a suggested mechanism, with the 

possibility of having effects through other mechanisms 

as well. 
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7 Abbreviations: 

FXa: Factor X activity  
RIV: Rivaroxaban. 

Trx: Troxerutin. 

Rut: Rutin. 

Qur: Quercetin. 
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DMSO: Dimethyl Sulfoxide. 

PDB: Protein Data Bank. 

PT: Prothrombin Time. 

aPTT: Activated Partial Thromboplastin Time. 
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روتين كمثبطاث يرسيتين والروتين والتروكسيوالكشف عن نشاط مضاداث التخثر في السيليكو وفي المختبر لمادة الك

التخثر عامللمحتملت جذيذة   (FXa) العاشر المُنشظ 

غاليت صباغ 
*أ

راا البي  لا ،
أ
، إبراهيم حذيذ  

ب
  

أ
 ، سىرٌب.، كلٍخ الصٍذلخ، جبهعخ حلتو الوراقجخ الذوائٍخقسن الكٍوٍبء الصٍذلٍخ  
ة
 حلت، سىرٌبسبلك الجىلٍخ، كلٍخ الطت، جبهعخ قسن جراحخ الو 

 لملخص:ا

جذٌذح. رهذف الذراسخ الحبلٍخ إلى فحص رأثٍر هذف ههن لزطىٌر هضبداد رخثر العبشر الوٌُشظ العبهل ٌعُزجر 

على عبهل الزخثر  الرٌفبروكسجبىزروكسٍرورٍي( ثبلوقبرًخ هع الو  الرورٍي ٍههشزقو  الكىٌرسزٍيثلاثخ هركجبد )

 iGemDock v2.1م ثرًبهج الجسٌئً ثبسزخذا رسبءرن إجراء الإ. (PDB ID: 2w26)الجشري العبشر الوٌشظ 

، قق هي الرواثظ الوزكىًخ. ثعذ رلكللزح Autodock vina ثرًبهجللعبهل العبشر الوٌشظ ووثجظ للزٌجؤ ثٌشبطهن ال

زروكسٍرورٍي و ال. أظهر aPTTو  PTروذ دراسخ الزأثٍراد الجٍىلىجٍخ فً الوخزجر على كل هي زهي رخثر 

 178.034-( و )kcal / mol 185.743-)[، وكبًذ طبقخ الرثظ 2w26إًسٌن  اررجبط هع أفضل قٍن  الرورٍي

kcal / mol)[  على الزىالً ثبسزخذامiGemDock149.661-رٌفبروكسبثبى )الب كبًذ طبقخ رثظ ثٌٍو ؛ kcal 

/ mol ر فً إطبلخ أزهٌخ الـ لهب رأثٍالوذروسخ (. أظهرد ًزبئج الذراسخ فً الوخزجر أىَّ الوركجبدPT  ،aPTT 

زروكسٍرورٍي أعلى إطبلخ فً أوقبد الزخثر الوُقٍوّخ، ال، أعطى لشبهذ السلجً والإٌجبثً. وهع رلكهقبرًخ ثكل هي ا

 ثوب ٌزىافق هع ًزبئج الذراسخ فً السٍلٍكى.

 .زروكسٍرورٍيالرٌفبروكسبثبى؛ الالجسٌئً ؛  رسبءالا ؛العبشرهضبداد الزخثر؛ العبهل الكلماث الرئيسيت: 
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