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Plant-derived bioactive compounds exploration presents a good approach to discovering new anti-inflammatory agents. 

Phytoconstituents of Paris polyphylla were explored as an inhibitor of tissue plasminogen activator (tPA) in the present 

study using an integrated in silico strategy. Molecular docking demonstrated that some of the compounds were highly 

docked to the tPA active site, with Disogluside docking the best (−10.1 kcal/mol) in comparison to the co-crystal ligand 

(−10.1 kcal/mol) and the reference drug Nimesulide (−7.2 kcal/mol). Interaction analysis revealed that Disogluside was able 

to establish stable hydrogen bonds with key catalytic residues such as Thr175, Ser195, Gly216 and Gly219, and established 

strong hydrophobic interactions. The stability of the Disogluside–tPA complex was confirmed by molecular dynamics 

simulations (200 ns) with stable RMSD and minimal structural fluctuations. In addition, MM-GBSA computations revealed 

a favorable binding free energy (ΔGbind = −65.04 ± 4.82 kcal/mol), which was primarily driven by van der Waals and 

lipophilic interactions. The results indicate that Disogluside can be a potential tPA inhibitor with anti-inflammatory 

implications and should be investigated by additional experiments. 
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Inflammation is a multifaceted biological process that is 

linked to a wide variety of disease-related pathologies, 

such as cardiovascular diseases, cancer, and 

autoimmune diseases. The regulation of major enzymes 

used in the inflammatory processes is another important 

therapeutic approach
1
. Tissue plasminogen activator 

(tPA) is a serine protease mainly engaged in the process 

of fibrinolysis, which has been gaining recognition as an 

inflammatory mediator, remodeler of the extracellular 

matrix, and cellular signaling
2
. Recent data indicate that, 

in addition to its classical action in fibrinolysis, tPA acts 

as a key mediator of inflammatory signaling, activating 

the plasminogen to plasmin cascade, resulting in 

extracellular matrix destruction and increased immune 

cell entry
3
. Besides being a proteolytic enzyme, tPA also 

engages with cell surface receptors, including low-

density lipoprotein receptor-related protein-1 (LRP-1) 

and annexin II, resulting in intracellular signaling 

pathways, including NF-B and MAPK pathways
4
. 

These signaling events facilitate the release of pro-

inflammatory cytokines including TNF-α, IL-6 and 

IL-1β, thus enhancing the inflammatory response
5
. 

Unregulated tPA has also been linked to higher levels of 

vascular permeability and tissue destruction which add 

to the onset of inflammatory diseases even more
6
. 

Selective inhibition of tPA is, therefore, a promising 

therapeutic approach to regulate proteolytic as well as 

signaling elements of inflammation
7
. 

Natural products in this sense provide a structurally 

varied and biologically pertinent source of enzyme 

inhibitors. Paris polyphylla is commonly used in 

traditional medicine in Asia to treat wounds, 

inflammation, infections, fever, and snake bites. Its 

rhizomes are especially sought after as anti-

inflammatory, analgesic, hemostatic, and detoxifying 
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agents, and are widely used in cases of tissue damage 

and haemorrhage
8,9

. Phytochemically, Paris polyphylla 

contains high quantities of steroidal saponins, 

particularly, polyphyllins (I, II, VI, VII), which are 

regarded as the main bioactive compounds. It also 

includes flavonoids, alkaloids, phytosterols and 

polysaccharides, which contribute to its antioxidant, 

anticancer and anti-inflammatory effects, which are 

reported
10

. 

Computational drug discovery, such as molecular 

docking, molecular dynamics (MD) simulations, and 
free energy calculations, has facilitated high-speed 
screening and mechanistic assessment of bioactive 
compounds

11
. The methods aid in isolating the 

possible lead molecules through prediction of binding 
affinity, stability of interaction and conformational 

behaviour in the target protein
12

. 
In this study, we hypothesize that phytoconstituents 

of Paris polyphylla can effectively inhibit tPA 
through stable binding within its catalytic pocket. To 
test this hypothesis, an integrated in silico workflow 
involving molecular docking, MD simulation, and 

MM-GBSA analysis was employed to identify and 
validate potential inhibitors with anti-inflammatory 
potential. 
 

Materials and Methods 
 

Ligand retraction and preparation 

Phytoconstituents of Paris polyphylla were 
retrieved from the IMPPAT 2.0 database and 
downloaded in 3D sdf format. All the phyto-

constituents were collected from the database 
available for Paris polyphylla. Amino acids, fatty 
acids, solvents, long-chain hydrocarbons and other 
incomplete compounds were removed from the 
collection. Finally, a total of 13 phytoconstituents 

(mostly saponins) were selected for the docking 
study. The 3D structures were optimized by  
adding hydrogen atoms, assigning proper bond orders, 
and minimizing energy using an MMFF94 force  
field to obtain stable conformations for docking  
and simulation studies

13
. Nimesulide is used as a 

reference drug
14-15

. 
 

Protein preparation 

The 3D crystal structure of Tissue Plasminogen 

Activator (tPA) (PDB ID: 1A5H, https://www.rcsb. 

org/structure/1A5H) was obtained from the Protein 

Data Bank (Fig. 1a). The experimental resolution of 

the protein was 2.90Å through X-ray crystallography, 

and reported no mutation(14). The 3D structure was 

validated using PDBsum web server (https://www. 

ebi.ac.uk/thornton-srv/databases/pdbsum/). It provides 

the Ramachandran plot
16

. The protein structure was 

prepared by removing water molecules, adding polar 

hydrogen atoms, assigning bond orders, and assigning 

the AD4 charge type
17

. AutoDock Tools v1.5.7 was 

used for protein preparation. 
 

Molecular docking 

Molecular docking was performed using AutoDock 

Vina v1.2.0
18

 to evaluate the binding affinity of 

phytoconstituents toward the active site of tPA. The 
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prepared protein and ligands were converted into the 

appropriate PDBQT format using OpenBabel v2.4.1
19

. 

A grid box was defined around the active site based 

on the co-crystal ligand coordinates to ensure 

adequate coverage of the binding pocket. The grid 

box was centered at coordinates (center_x = 17.768, 

center_y = 52.255, and center_z = 29.564), with 

dimensions of 20 Å × 20 Å × 20 Å (size_x = 20 Å, 

size_y = 20 Å, and size_z = 20 Å). 

Docking simulations were carried out using  

8 exhaustiveness parameters and 10 runs, and  

binding affinities were expressed as docking scores 

(kcal/mol). Multiple conformations were generated 

for each ligand, and the best pose was selected based 

on the lowest binding energy and favorable 

interaction profile
20

. The binding interactions of  

top-ranked ligands were analyzed using BIOVIA 

Discovery Studio Visualizer 2021 and ProteinPlus 

server (https://proteins.plus/)
21

. 
 

Docking validation 

The docking protocol was validated by re-docking 

the co-crystal ligand into the active site to ensure 

reliability and accuracy of the docking procedure
22

. 
 

Lipinski’s rule of five 

To ensure the drug-likeness properties, we 

evaluated Lipinski’s rule of five
23

 using the Swiss 

ADME server
24

.  
 

MD simulation 

The stability of the docked complex was assessed 

by MD simulations that were implemented on  

the Schrodinger Desmond simulation package. An 

explicit solvent model (TIP3P water) was used  

to embed the protein-ligand complex into an 

orthorhombic simulation box, and counter ions were 

added to neutralize the system. The system was 

reduced and balanced under the NVT and NPT 

ensembles, and then a 200 ns production simulation 

was run at 300 K and 1 atm pressure
25

. 
 

Trajectory analysis 

The stability and dynamics of the complex  
were measured using post-simulation analyses. To 
determine the structural stability of both protein and 
ligand with time, root mean square deviation (RMSD) 
was calculated. The root-mean-square fluctuation 

(RMSF) was used to assess the residue-level 
flexibility of the protein and the ligand's atomic 
fluctuations. Other parameters such as radius of 
gyration (rGyr), intramolecular hydrogen bonds 
(intraHB), molecular surface area (MolSA), solvent 
accessible surface area (SASA), and polar surface 

area (PSA) were calculated to determine the 
compactness of the ligand, its internal stability and the 
solvent exposure during the course of the 
simulation

26
. 

 

Molecular mechanics generalized born surface area (MM-

GBSA) free energy calculation 

The MM-GBSA method was used to estimate the 

binding free energy of the chosen complexes. The 

value of the calculation was done on representative 

frames of the MD trajectories based on the Schrodinger 

Prime module. The overall binding free energy  

(ΔG bind) and its components, such as Coulombic, 

Van der Waals, Hydrogen bonding, Lipophilic and 

covalent binding, were determined to determine the 

strength and character of ligand protein interactions
27

. 

 
 

Fig. 1 — (a) 3D structure of 1A5H; and (b) Ramachandran plot depicting the stereochemical quality and backbone dihedral angle 

distribution (φ and ψ) of the selected protein structure 
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Results and Discussion 
 

Protein validation and active site identification 

Most of the residues (92.1%) were found in the 

most favourable regions (A, B and L), suggesting that 

the protein conformation is of high-quality and energy 

stable (Fig. 1b). Few residues were found in further 

allowed and generously allowed regions, whereas 

very few were found in disallowed regions, indicating 

minimal steric hindrance or structural strain. The 

Ramachandran plot offers the accuracy and 

appropriateness of the protein model to be used in 

further molecular docking and calculation studies
28

. 

A native co-crystal docked complex was analyzed, 

and it exhibited a stable interaction profile with 

several hydrogen bonds with Thr98, Gly216 and 

Gly219, and electrostatic interaction with Asp189 

(Fig. 2). Also, strong π-π stacking with Trp215 and 

Tyr99 led to the stabilization of binding in the 

hydrophobic pocket
14

. 
 

Docking results analysis 

The binding affinity of the tPA complex to the 

chosen phytoconstituents of Paris polyphylla was 

determined using a structure-based molecular docking 

study. The docking scores of the screened compounds 

were all over -6.2 and -10.1 kcal/mol, showing 

variable binding affinities in the active site of the 

target protein (Table 1). 

The binding affinity of the evaluated compounds 

was highest in Disogluside (IMPHY015101), with a 

docking score of -10.1 kcal/mol, comparable to the 

co-crystal ligand (-10.1 kcal/mol), indicating that it 

 
 

Fig. 2 — 2D representation of native co-crystal ligand interactions within the active binding pocket of the target protein 

Table 1 — Phytoconstituents information and docking score of 

phytoconstituents against tissue plasminogen activator complex 
(1A5H) protein 

S. No IMPPAT ID Phytoconstituents tPA (1A5H) 

1 IMPHY010425 Pariphyllin -9.6 

2 IMPHY009308 Pennogenin -8.5 

3 IMPHY001995 Dioscin -9.3 

4 IMPHY002347 Polyphyllin H -7.0 

5 IMPHY003681 Diosgenin -8.6 

6 IMPHY010214 Polyphyllin-I -9.7 

7 IMPHY000837 Polyphyllin C -7.1 

8 IMPHY003734 Prosapogenin A -7.6 

9 IMPHY007833 Ambrosin -7.1 

10 IMPHY008672 Pariphyllin A -7.0 

11 IMPHY010523 Polyphyllin F -7.6 

12 IMPHY015101 Disogluside -10.1 

13 IMPHY010415 Polyphyllin d -6.2 

14 - Co-crystal ligand -10.1 

15 - Nimuslide -7.2 
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interacts with the catalytic pocket of the enzyme. 

Other compounds with significant binding affinities 

were Polyphyllin-I (-9.7 kcal/mol), Pariphyllin (-9.6 

kcal/mol) and Dioscin (-9.3 kcal/mol), which showed 

stronger interactions compared to the reference anti-

inflammatory drug Nimesulide (-7.2 kcal/mol). Also, 

other compounds, such as Diosgenin (-8.6 kcal/mol) 

and Pennogenin (-8.5 kcal/mol), had significant 

binding potential toward the target protein. 
 

Binding analysis 

To gain further insight into the ligand binding 

mechanism, the interaction profile of Disogluside in 

the active site of tPA was compared with that of the 

standard drug Nimesulide and the co-crystal  

ligand (Fig. 3). The protein surface representation 

demonstrates the well-defined binding pocket, which 

represents the site of accommodation and stabilization 

of the ligand molecules. 

As depicted in Figure 3a, Disogluside engaged in 

multiple hydrogen-bond interactions with the active 

site residues Thr175B, Ser214B, Ser195B, Gly216B 

and Gly219B. Such hydrogen bonds are crucial in 

anchoring the ligand within the active pocket. In 

addition, hydrophobic and π-π stacking interactions 

were observed with Trp215B and Tyr99B, 

respectively, which also contribute to the strong 

affinity observed from docking scores. 

In comparison, the reference drug Nimesulide  

(Fig. 3b) exhibited fewer hydrogen-bond interactions, 

primarily involving His57B, Ser195B, and  

Gly193B, along with hydrophobic contacts with 

Trp215B, Cys191B, and Ala190B. Similarly, the co-

crystal ligand (Fig. 3c) demonstrated hydrogen-bond 

interactions with Asp189B and Tyr228B and 

hydrophobic interactions with Trp215B and Tyr99B, 

which are known to contribute to ligand stabilization 

within the catalytic site. The 2D interaction of all 

phytoconstituents is given in (Suppl. Figs. S1-S10). 
 

Docking protocol validation 

The superimposition of the co-crystallized ligand 

(green) and the redocked pose (cyan) within the active 

site of the target protein (magenta cartoon 

representation) demonstrates a high degree of spatial 

overlap (Fig. 4). The calculated RMSD value of 2.03 

 
 

Fig. 3 — 2D molecular interaction profiles of (a) Disogluside; (b) reference drug; and (c) co-crystal ligand within the active sites of tissue 

plasminogen activator (tPA, PDB ID: 1A5H) 
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Å suggests good reproducibility of the docking 

method. The proximity between the key functional 

groups would suggest accurate modeling of the 

binding pose of the experimental complex. 
 

Drug likeness properties 

The drug-likeness evaluation based on Lipinski’s 

Rule of Five revealed notable variation among the 

selected phytoconstituents. ―Lipinski’s Rule of Five 

states that a compound is more likely to exhibit good 

oral bioavailability if it has molecular weight ≤500 

Da, ≤5 hydrogen bond donors, ≤10 hydrogen bond 

acceptors, and a logP ≤5, with no more than one 

violation‖
22

. Out of 13 compounds, only four-

Pennogenin, Diosgenin, Ambrosin, and Disogluside-

satisfied the criteria with zero or one violation, 

indicating favorable oral bioavailability (Table 2).  

In contrast, the majority of compounds, particularly 

Pariphyllin, Dioscin, and various Polyphyllin 

derivatives, exhibited three violations and were 

classified as non-compliant. 
 

MD simulation 

Among the screened phytoconstituents, 

Disogluside was selected for MD simulation due to its 

superior docking score (-10.1 kcal/mol) along with 

acceptable drug-likeness, exhibiting only one 

violation of Lipinski’s rule of five. 
 

RMSD 

The stability of the docked complex was evaluated 

by performing a 200 ns molecular dynamics (MD) 

simulation of the Disogluside–tPA complex. The 2D 

representation of the protein backbone RMSD had 

achieved equilibrium within a few nanoseconds of the 

simulation, and the RMSD values were mainly in the 

range of 5.0 to 7.8 Å, suggesting that the protein 

backbone was relatively stable but still had some 

conformational flexibility (Fig. 5). The initial 0-90 ns 

of the simulation showed relatively low ligand RMSD 

values, in the range of 1.0-1.7 Å, indicating that 

Disogluside maintained a strong binding within the 

active site. The conformational rearrangement of the 

ligand was observed between 90 and 135 ns with a 

transient increase in RMSD. After this transition, the 

ligand RMSD settled to around 3.3-3.8 Å for the rest 

of the simulation, suggesting a new stable binding 

orientation in the binding pocket. No significant large 

 
 

Fig. 4 — Docking validation by redocking 
 

Table 2 — Drug-likeness evaluation of selected phytoconstituents based on Lipinski’s Rule of Five, indicating the number  

of violations and overall suitability for oral drug development 

S. No IMPPAT ID Phytoconstituents Number of Lipinski’s rule of 5 violations Verdict 

1 IMPHY010425 Pariphyllin 3 Failed 

2 IMPHY009308 Pennogenin 0 Pass 

3 IMPHY001995 Dioscin 3 Failed 

4 IMPHY002347 Polyphyllin H 3 Failed 

5 IMPHY003681 Diosgenin 1 Pass 

6 IMPHY010214 Polyphyllin-I 3 Failed 

7 IMPHY000837 Polyphyllin C 3 Failed 

8 IMPHY003734 Prosapogenin A 3 Failed 

9 IMPHY007833 Ambrosin 0 Pass 

10 IMPHY008672 Pariphyllin A 3 Failed 

11 IMPHY010523 Polyphyllin F 3 Failed 

12 IMPHY015101 Disogluside 1 Pass 

13 IMPHY010415 Polyphyllin d 3 Failed 
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fluctuations after this rearrangement, indicating that 

the Disogluside–tPA complex was stable during the 

simulation. 
 

RMSF 

The RMSF profile showed that the fluctuations of 

most atoms in the ligand were low, suggesting limited 

flexibility inside the binding pocket. The RMSF 

values calculated with respect to the protein backbone 

were in the range of 1.4-1.8 Å, suggesting small 

variations relative to the protein backbone (Fig. 6). 

On the other hand, RMSF values fitting on the ligand 

itself were less than 0.6 Å, suggesting that the ligand 

structure was very stable throughout the simulation. 

The low atomic fluctuations indicate that Disogluside 

remains stable in its pose within the active site, 

consistent with the RMSD results. This analysis 

further supports that Disogluside can form a stable 

ligand-protein complex with tPA and could be a 

potential inhibitor. 

To examine the flexibility of individual residues 

during the simulation, RMSF analysis was carried out 

on the protein residues of the Disogluside-tPA 

complex. The RMSF analysis showed that most of the 

residues showed moderate fluctuations (1.0-3.5 Å), 

suggesting that the complex system was stable 

throughout the simulation (Fig. 7). There were some 

areas of higher fluctuations (peaks around 5-7 Å), 

which are likely to be flexible loops or terminal 

residues exposed to the solvent. 

Interestingly, residues within secondary structural 

elements, such as α-helices and β-sheets, exhibited 

reduced fluctuations, indicating that the protein's 

secondary structure was maintained during ligand 

binding. Crucially, no drastic fluctuations were 

observed in the active-site residues, suggesting the 

binding of Disogluside did not cause severe 

distortions in the structure of tPA. These observations 

further support the dynamic stability of the 

Disogluside-protein complex, and are consistent with 

the results of the RMSD and ligand RMSF profiles. 
 

Ligand properties 

The ligand RMSD values showed relatively small 

fluctuations during the simulation, with variations less 

than ~1.5 Å, suggesting that Disogluside did not 

deviate significantly from its binding pocket.  

The rGyr profile remained relatively stable 

throughout the simulation, indicating that the ligand 

did not undergo significant changes in its radius of 

gyration and maintained conformational stability 

during the trajectory. The analysis of intramolecular 

hydrogen bonds showed occasional intramolecular 

hydrogen bond formation in the ligand structure, 

which may help to stabilise its conformation. 

Moreover, the MolSA, SASA and PSA values 

displayed only slight variations along the trajectory, 

suggesting stable surface characteristics and solvent 

accessibility of the ligand during the simulation.  

The subtle changes in SASA could be attributed to 

minor conformational changes in the bound ligand 

(Fig. 8). 

 
 

Fig. 5 — RMSD analysis of the Disogluside-tPA complex during 

200 ns molecular dynamics simulation 
 

 
 

Fig. 6 — RMSF analysis of Disogluside during molecular 

dynamics simulation with tPA 

 
 

Fig. 7 — RMSF profile of tPA residues during molecular 

dynamics simulation of the Disogluside-protein complex 
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Protein-ligand complex 

A water-bridged hydrogen bond is observed 

between Disogluside and ARG37A with ~6% 

occupancy, indicating a relatively weak but stabilizing 

interaction (Fig. 9a & b). More prominent interactions 

are seen with GLU60A, where both direct (~16%) and 

water-mediated (~7–9%) hydrogen bonds are present, 

suggesting this residue plays a central role in ligand 

stabilization. Additionally, GLN60A participates in 

hydrogen bonding (~14%), further contributing to 

binding affinity. On chain B, ASP132 shows a strong 

direct hydrogen bond (~18%), representing one of the 

most significant interactions in the complex.  

Another water-mediated interaction links the ligand  

to GLU60B (~9%). Several hydroxyl groups of 

Disogluside are actively involved in these 

interactions, emphasizing their importance in 

anchoring the ligand within the active site. 
 

MM-GBSA energy calculation 

The stability of the Disogluside-tPA complex was 

also determined by calculating the binding free energy 

using the MM-GBSA approach. The estimated 

ΔG_bind value of -65.04 ± 4.82 kcal/mol suggests a 

good binding stability of Disogluside to the active site 

of the protein (Table 3). Breakdown of the total 

binding energy showed that van der Waals forces 

(ΔG_Vander = -44.75 ± 3.09 kcal/mol) predominated 

the binding, followed by considerable lipophilic 

forces (ΔG_Lipophilic = -25.92 ± 2.31 kcal/mol), 

which indicated the presence of a strong hydrophobic 

contribution to the binding affinity of Disogluside. 

Coulombic interactions (ΔG_Coulomb = -15.05 ± 

2.88 kcal/mol) also played a role in electrostatic 

stabilization of the complex. 

By contrast, hydrogen-bonding (ΔG_HBond = 

−1.98 ± 0.25 kcal/mol) and covalent contributions 

(ΔG_Covalent = −3.93 ± 1.19 kcal/mol) were 

comparatively small, although complementary, 

energy contributions. Taken together, these findings 

 
 

Fig. 8 — Structural and physicochemical stability parameters of the Disogluside-tPA complex during 200 ns molecular dynamics 

simulation 
 

Table 3 — MM-GBSA energy calculation of  

Disogluside-tPA complex 

S. No Parameters Binding Free Energy 

1 ΔGbind -65.04±4.82 

2 ΔGcoulomb -15.05±2.88 

3 ΔGcovalent -3.93±1.19 

4 ΔGvander -44.75±3.09 

5 ΔGHbond -1.98±0.25 

6 ΔGLipophilic -25.92±2.31 
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suggest that the interaction of Disogluside with tPA is 

largely driven by hydrophobic and van der Waals 

forces; thus, Disogluside seems to be a robust 

candidate as an inhibitor. 

 

Limitation and future prospective 

The current in silico studies on phytoconstituents 

from Paris polyphylla as Tissue Plasminogen 

Activator inhibitors offer initial insights into  

binding affinity and potential binding modes; 

however, there are some limitations. Docking 

simulations use static protein structures and fail to 

account for protein flexibility, solvent effects,  

and other factors of the physiological milieu  

that affect ligand-protein binding. The binding 

affinities reported are calculated from scoring 

 
 

Fig. 9 — (a) Bar diagram; and (b) Timeline of disogluside with tissue tPA showing hydrogen bonding with key active site residues 
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functions, which may not correlate well with binding 

free energies and inhibitory activities. 

Additionally, the research fails to consider  

in vitro pharmacokinetic and pharmacodynamic 

characteristics, essential for drug design. The 

polypharmacology of the phytoconstituents and off-

target effects were also not considered. More 

importantly, the role of tPA in inflammation is 

multifaceted and may result in a therapeutic anti-

inflammatory effect even if tPA is inhibited. Thus, the 

results of this in silico study need to be verified with 

rigorous in vitro enzymatic and in vivo tests to 

determine the efficacy and safety of the compounds 

with anti-inflammatory effects. 
 

Conclusion 

This study demonstrates that phytoconstituents of 

Paris polyphylla, particularly Disogluside, exhibit 

strong binding affinity and stable interaction with the 

active site of tPA. The combined docking, molecular 

dynamics simulation, and MM-GBSA analyses 

confirm that the Disogluside–tPA complex is 

structurally stable and energetically favorable, with 

binding predominantly driven by hydrophobic and van 

der Waals interactions. These findings support the 

potential of Disogluside as a promising lead compound 

for tPA inhibition and anti-inflammatory drug 

development. However, further in vitro and in vivo 

studies are necessary to validate its pharmacological 

efficacy and therapeutic applicability. 
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