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INTRODUCTION 

Idiopathic pulmonary fibrosis (IPF) is a progressive lung disease characterized by the accumulation of fibrotic tissue, leading 

to impaired gas exchange and ultimately respiratory failure1. Despite ongoing research, the precise molecular mechanisms 

underlying IPF development remain elusive2. A variety of factors have been implicated in IPF pathogenesis, including 

cigarette smoking, viral infections, chronic aspiration, exposure to environmental pollutants, genetic predisposition, and 

certain drugs3. The histopathological hallmark of IPF is the presence of fibroblast foci, where myofibroblasts and excessive 

collagen deposition contribute to the distortion of lung architecture1. Alveolar macrophages play a pivotal role in initiating 

 

Affinity of Nintedanib Towards New Candidate Target for Idiopathic 
Pulmonary Fibrosis 

 

 

Hari Baskar Balasubramanian 1  

Sima Biswas 2  

Maria Talmon 1  

Filippo Patrucco 3,4  

Piero Emilio Balbo 4  

Luigia Grazia Fresu 1*  

Angshuman Bagchi 2#  

 
1 Department of Health Sciences, Università 
degli Studi del Piemonte Orientale “Amedeo 
Avogadro”, Novara, Piedmont, Italy 
2 Department of Biochemistry and Biophysics, 
University of Kalyani, Kalyani, West Bengal, 
India 
3 Department of Translational Medicine, 
Università degli Studi del Piemonte Orientale 
“Amedeo Avogadro”, Novara, Piedmont, 
Italy 
4 Department of Medical, Division of 
Respiratory Diseases, Azienda Ospedaliero 
Universitaria Maggiore della Carita, Novara, 
Piedmont, Italy 
 
*email: luigia.fresu@med.uniupo.it; phone: 
+390321660687 
#email: angshumanb@gmail.com; phone: 
+919051948843 
 
Keywords: 
ADMET-SAR properties 
COACH server-binding site predictor 
Idiopathic pulmonary fibrosis 
Nintedanib 

 Abstract 

Idiopathic pulmonary fibrosis (IPF) is a progressive disease due 
to aggregation of fibroblasts on lung parenchyma. Nintedanib, 
an indolinone-derived tyrosine kinase inhibitor (TKi) has been 
approved for the treatment of IPF and it is a well-known 
inhibitor of platelet-derived growth factor (PDGF) receptor-α 
and -β, fibroblast growth factor (FGF) receptor-1–3 and vascular 
endothelial growth factor (VEGF) receptor-1–3. This study aims 
to evaluate the binding interaction between new therapeutic 
protein candidates for IPF such as autotaxin, galectin-3, 
interleukin-13, chitotriosidase-1, JNK, RhoE-ROCK-1, ROCK-2 
against nintedanib. In this investigation we predicted, 
computed, and analyzed the binding interactions of the drug 
nintedanib using an in silico approach called molecular docking. 
Our docking studies demonstrated that RhoE-ROCK1 and 
autotaxin showed strong binding affinities towards nintedanib 
compared to known targets such as VEGFR2 and FGFR1. We 
can therefore hypothesize a further contribution of nintedanib 
to the improvement of pathology due to its affinity towards new 
targets in the pathogenesis of IPF. The next step will be to 
evaluate the effects of this affinity in vitro on specific cellular 
models. 
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the fibrotic process by secreting proinflammatory and profibrotic cytokines that stimulate mesenchymal cell proliferation 

and collagen deposition4,5. 

Currently, only two drugs, pirfenidone6 and nintedanib7, are approved for IPF treatment. While these medications can slow 

disease progression as measured by forced vital capacity (FVC), they do not reverse the fibrotic tissue changes observed on 

high-resolution computed tomography (CT) scans. Consequently, they often fail to improve disease-related symptoms and 

quality of life for IPF patients3. Ongoing research efforts are focused on developing novel therapeutic approaches targeting 

various pathways involved in IPF pathogenesis. These include new drug delivery systems and molecules that act on distinct 

mechanisms8,9. 

Nintedanib, a tyrosine kinase inhibitor, targets platelet-derived growth factor (PDGF), fibroblast growth factor (FGF), and 

vascular endothelial growth factor (VEGF) receptors, inhibiting their intracellular signaling by competitively binding to the 

ATP-binding site10. While nintedanib has demonstrated efficacy in treating idiopathic pulmonary fibrosis (IPF), this study 

aimed to explore its potential interactions with additional proteins implicated in IPF pathogenesis. Specifically, we 

investigated the binding affinity of nintedanib to RhoE-ROCK1, c-Jun N-terminal kinase (JNK), interleukin (IL)-13, human 

galectin-3 (Gal-3), autotaxin, human chitotrosidase-1 (CHIT-1) and the Rho-associated protein kinase-2 (ROCK2). These 

proteins have been implicated in the development or progression of IPF8, suggesting that their modulation might offer 

therapeutic benefits. 

Autotaxin, an enzyme responsible for lysophosphatidic acid (LPA) production, plays a crucial role in IPF by promoting 

fibroblast migration and inducing apoptosis of lung epithelial cells. Elevated levels of autotaxin and LPA have been 

observed in the bronchoalveolar lavage fluid and exhaled breath of IPF patients11-14. Targeting autotaxin could potentially 

mitigate the fibrotic process in IPF. 

Galectin-3, a lectin involved in fibrosis, regulates the expression of transforming growth factor beta (TGF-β) receptors and 

has been found to be elevated in IPF patients15. The Rho-ROCK pathway, implicated in IPF fibrosis, is activated by oxidative 

stress and plays a role in regulating the cytoskeleton and cell motility16. Targeting the Rho-ROCK pathway has shown 

promise in reducing fibrosis in preclinical models16-18. 

Interleukin-13, a pro-fibrotic cytokine, is involved in asthma and has been associated with IPF pathogenesis19-22. While IL-13 

inhibitors have shown efficacy in asthma, their effectiveness in IPF is limited. However, the combination of pirfenidone and 

lebrikizumab has demonstrated positive effects in reducing exacerbations in IPF patients23. 

Chitotrosidase-1, an enzyme involved in chitin degradation, has been implicated in fibrosis by modulating TGF-β and IL-

13 signaling24,25. Targeting CHIT-1 has shown promise in reducing fibrosis in preclinical models26. Finally, the JNK pathway, 

involved in inflammation and fibrosis, is activated in IPF and has been shown to contribute to the fibrotic process27,28. JNK 

inhibitors have demonstrated efficacy in reducing fibrosis in preclinical models29,30. 

Existing literature lacks studies investigating the molecular interactions between nintedanib and ancillary proteins 

implicated in IPF. To address this knowledge gap, we employed molecular docking to predict and analyze the binding 

interactions of nintedanib with these proteins. By identifying potential alternative targets, this study aims to elucidate the 

mechanisms underlying nintedanib's efficacy and explore avenues for developing novel therapeutic strategies. 

 

MATERIALS AND METHODS 

Materials 

The three-dimensional (3D) structures of target proteins, including RhoE-ROCK1 (PDB ID: 2V55), JNK (PDB ID: 3V6R), IL-

13 (PDB ID: 4I77), human Gal-3 (PDB ID: 5H9P), autotaxin (PDB ID: 6W35), human CHIT-1 (PDB ID: 6Z8E), and ROCK2 

(PDB ID: 7JNT), were retrieved from the Protein Data Bank (PDB). Additionally, the structures of VEGFR2 (PDB ID: 3C7Q) 

and chain A and B of FGFR1 (PDB ID: 1FGK) were obtained for use as positive controls, as nintedanib is known to bind 

these proteins. The 3D structure of the ligand nintedanib (PubChem CID: 135423438) was retrieved from the PubChem 

database. A summary of the software, web servers, and databases used in this study is provided in Table I. 
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Table I. The software, web servers, and databases used. 

Software link 

Discovery Studio 2.5 Standalone version; Dassault Systèmes, Vélizy-Villacoublay, France 
AutoDock 4.0 Standalone version; The Scripps Research Institute, La Jolla, CA, US 
COACH Server https://zhanggroup.org/COACH/  
LigPlot+ https://www.ebi.ac.uk/thornton-srv/software/LigPlus/  
Lipinski Filter http://www.scfbio-iitd.res.in/software/drugdesign/lipinski.jsp  
AdmetSAR server http://lmmd.ecust.edu.cn/admetsar2  
PubChem https://pubchem.ncbi.nlm.nih.gov/  
PDB https://www.rcsb.org/  

 

Methods 

Preparation of receptor and ligand structures 

Co-crystallized molecules and crystallographic water molecules were removed from the three-dimensional coordinate files 

using Discovery Studio Visualizer 2.5. This step was necessary to ensure that the protein structures were free of extraneous 

molecules for accurate docking calculations31. Subsequently, the protein structures were geometrically optimized using 

Discovery Studio Visualizer 2.5, employing a standard energy minimization protocol to alleviate steric clashes and bond 

distortions. The ligand molecule was also optimized using the same software and protocol. 

Prediction of active sites 

Accurate identification of a protein's active site is crucial in de novo drug design and molecular docking approaches. This 

knowledge facilitates the generation of near-native conformations for the receptor-ligand complex, ultimately contributing 

to the success of the docking study32. Here, the COACH server was employed to predict the active site amino acid residues 

for all target proteins33. Additionally, the active site residues of VEGFR2 and FGFR1 were retrieved from the literature for 

comparison. 

Molecular docking analysis 

A molecular docking study was performed using the AutoDock 4 software suite. AutoDock employs a Lamarckian genetic 

algorithm to predict the binding orientation and affinity of small molecules (ligands) to macromolecules (receptors)34. 

Ligand structures were prepared using Discovery Studio Visualizer 2.5. Polar hydrogen atoms were added, Kollman united 

atom type charges were assigned, fragmental volumes were calculated, and solvation parameters were set using 

AutoDockTools. These parameters were saved for subsequent docking simulations. 

Binding site information for each ligand-receptor complex was identified using the COACH server and incorporated into 

AutoDock33. AutoGrid was utilized to generate a grid map encompassing the binding site residues of the receptor protein. 

This grid-based approach optimizes computational efficiency and improves docking accuracy. Lamarckian genetic 

algorithm searches were performed for each ligand-receptor complex using AutoDock. Each docking simulation yielded 

ten unique ligand conformations within the defined binding site. 

Prediction of the physiochemical properties of the ligand 

To assess the drug-like properties of nintedanib, we employed the admetSAR server and the Lipinski rule of five28. The 

Lipinski rule of five is a set of guidelines used to evaluate a ligand's potential for oral bioavailability. The admetSAR server 

provides a user-friendly interface to visualize various physiochemical and pharmacological properties of ligands relevant 

to drug discovery, including LogP (octanol-water partition coefficient), hydrogen bond donor and acceptor count, molecular 

weight, and rotatable bond count. These properties are crucial factors influencing a ligand's potential as a drug candidate. 

The admetSAR server was used to assess the combined effects of these properties, along with pharmacokinetics and 

pharmacodynamics, and generate a drug-likeness score. 

 

Data analysis 

The Discovery Studio Visualizer 2.5 was employed to visualize the interactions between the receptor and ligand within the 

protein-ligand complexes. LigPlot+, a web-based tool, was used to analyze the binding interaction profile in detail. This tool 

calculates the various non-covalent interactions (e.g., hydrogen bonds, hydrophobic interactions) established between the 

ligand and the receptor. 

https://journal.umpr.ac.id/index.php/bjop
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RESULTS AND DISCUSSION 

Analysis of the active sites of the receptor 

Amino acid residues within the active sites of proteins play crucial roles in ligand binding interactions. Understanding these 

interactions is vital for drug discovery and protein-ligand docking studies35. We employed the COACH server to predict 

potential ligand binding sites using the amino acid sequences and structural information of the receptor proteins. The results 

of these analyses are presented in Tables II to VII. Given the diverse methodologies employed by the various tools within 

the COACH server, we adopted a consensus approach to analyze the results. By considering the outputs from all tools, we 

aimed to identify consistent predictions regarding potential ligand binding sites. The consensus amino acid residues present 

in the binding site of the proteins were used for docking purposes. We used the method of directed docking by specifying 

the amino acid residues of the ligand proteins, by looking for amino acid residues that always appear in the results of each 

test parameter (COACH server, TM SITE, S-SITE, and COFACTOR). The results show that there are 8, 9, 7, 10, 9, and 8 

consensus amino acids in CHIT-1, ROCK2, Gal-3, RhoE-ROCK1, JNK, and autotaxin, respectively. 

 
Table II. COACH server results of human CHIT-1 (PDB ID: 6Z8E). 

Parameter Amino acid residues 

COACH server TYR27, PHE58, GLY98, TRP99, ASP138, GLU140, ALA183, MET210, TYR212, ASP213, TYR267, TRP358 

TM SITE TYR27, PHE58, GLY98, TRP99, ASP138, GLU140, ALA183, MET210, TYR212, ASP213, TYR267, ARG269, 
TRP358 

S-SITE TYR27, TRP31, PHE58, GLY98, TRP99, ASN100, ASP138, GLU140, TYR141, ALA183, MET210, TYR212, ASP213, 
TRP218, TYR267, ARG269, GLU297, MET300, MET356, TRP358, ALA359, LEU362 

COFACTOR TYR27, TRP31, PHE58, GLY98, TRP99, ASN100, PHE101, ASP138, GLU140, TYR141, ALA183, MET210, TYR212, 
ASP213, TYR267, ARG269, GLU297, MET300, TRP358, LEU362 

Consensus binding site TYR27, TRP99, ASP138, GLU140, MET210, TYR212, ASP213, TRP358 

 
Table III. COACH server results of ROCK2 (PDB ID: 7JNT). 

Parameter Amino acid residues 

COACH server ILE98, GLY99, ARG100, GLY101, ALA102, VAL106, ALA119, LYS121, VAL153, MET169, GLU170, TYR171, 
MET172, PRO173, GLY175, ASP218, ASN219, LEU221, ALA231, ASP232 

TM SITE ILE98, GLY99, ARG100, GLY101, VAL106, ALA119, LYS121, GLU140, VAL153, MET169, GLU170, TYR171, 
MET172, PRO173, GLY175, ASP176, ASP218, LEU221, ALA231, ASP232 

S-SITE ILE98, GLY99, ARG100, GLY101, ALA102, PHE103, GLY104, VAL106, ALA119, LYS121, GLU140, VAL153, 
MET169, GLU170, TYR171, MET172, PRO173, GLY174, GLY175, ASP176, ASN179, ASP218, ASN219, LEU221, 
ALA231, ASP232 

COFACTOR ILE98, VAL106, ALA119, LYS121, VAL153, MET169, GLU170, TYR171, MET172, ASP218, ASN219, LEU221, 
ASP232, VAL372 

Consensus binding site ILE98, VAL106, ALA119, LYS121, VAL153, MET169, MET172, LEU221, ASP232 

 
Table IV. COACH server results of Gal-3 (PDB ID: 5H9P). 

Parameter Amino acid residues 

COACH server HIS158, ASN160, ARG162, ASN174, TRP181, GLU184, ARG186 

TM SITE HIS158, ASN160, ARG162, VAL172, ASN174, TRP181, GLU184, ARG186 

S-SITE ARG144, ALA146, HIS158, ASN160, ARG162, GLU165, VAL172, ASN174, TRP181, GLU184, ARG186 

COFACTOR ARG144, HIS158, ASN160, ARG162, GLU165, ASN174, TRP181, GLU184, ARG186 

Consensus binding site HIS158, ASN160, ARG162, ASN174, TRP181, GLU184, ARG186 

 
Table V. COACH server results of RhoE-ROCK1 (PDB ID: 2V55). 

Parameter Amino acid residues 

COACH server ILE82, GLY83, ARG84, GLY85, VAL90, ALA103, LYS105, VAL137, MET153, GLU154, TYR155, MET156, 
GLY159, ASP160, ASP202, ASN203, LEU205, ALA215, ASP216 

TM SITE LYS80, ILE82, GLY83, ARG84, GLY85, VAL90, ALA103, LYS105, MET153, GLU154, TYR155, MET156, PRO157, 
GLY159, ASP160, ASP202, ASN203, LEU205, ALA215, ASP216 

S-SITE ILE82, GLY83, ARG84, GLY85, ALA86, PHE87, GLY88, VAL90, ALA103, LYS105, VAL137, MET153, GLU154, 
TYR155, MET156, PRO157, GLY158, GLY159, ASP160, ASN163, ASP202, ASN203, LEU205, ALA215, ASP216 

COFACTOR ILE82, GLY83, ARG84, GLY85, GLY88, GLU89, VAL90, ALA103, LYS105, VAL137, MET153, GLU154, MET156, 
ASP202, LEU205, ALA215, ASP216 

Consensus binding site ILE82, GLY83, GLY85, VAL90,ALA103, LYS105, MET153, MET156, LEU205, ALA215, ASP216 
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Table VI. COACH server results of JNK (PDB ID: 3V6R). 

Parameter Amino acid residues 

COACH server ILE70, GLY71, SER72, VAL78, ALA91, LYS93, ILE124, MET146, GLU147, LEU148, MET149, ASP150, ALA151, 
ASN152, SER193, ASN194, VAL196, LEU206, ASP207 

TM SITE ILE70, GLY71, VAL78, ALA91, LYS93, ILE124, MET146, GLU147, LEU148, MET149, ASP150, ALA151, ASN152, 
SER193, ASN194, VAL196, LEU206, ASP207 

S-SITE ILE70, GLY71, SER72, GLY73, GLN75, GLY76, VAL78, ALA91, LYS93, GLJU111, MET115, ILE124, LEU144, 
MET146, GLU147, LEU148, MET149, ASP150, ALA151, ASN152, GLN155, SER193, ASN194, VAL196, LEU206, 
ASP207, PHE208 

COFACTOR VAL78, ALA91, LYS93, ARG107, GLU111, ILE124, LEU144, MET146, MET149, ASP150, ALA151, GLN155, 
LEU206, ASP207 

Consensus binding site VAL78, ALA91, LYS93, ILE124, MET149, ASP150, ALA151, LEU206, ASP207 

 
Table VII. COACH server results of autotaxin (PDB ID: 6W35). 

Parameter Amino acid residues 

COACH server ILE168, ASP172, LYS209, THR210, PHE211, LEU217, ALA218, ASN231, PHE274, PHE275, TYR307, ASP312, 
HIS316, HIS475, MET513 

TM SITE ILE168, ASP172, LYS209, THR210, PHE211, LEU217, ALA218, ASN231, PHE274, PHE275, TYR307, ASP312, 
HIS316, HIS475, MET513 

S-SITE ILE168, SER170, ASP172, LYS209, THR210, PHE211, LEU214, LEU217, ALA218, ASN231, LEU244, TRP255, 
TRP261, PHE274, PHE275, ALA305, TYR307, ASP312, HIS316, ASP359, HIS360, HIS475, MET513 

COFACTOR ILE168, SER170, THR210, PHE211, LEU214, ALA218, ILE228, ASN231, LEU244, TRP255, TRP261, PHE274, 
ALA305, TYR307, ASP312, HIS316, HIS475 

Consensus binding site THR210, PHE211, ALA218, ASN231, TYR307, ASP312, HS316, HIS475 

 

Molecular docking simulations (Site-specific and blind docking) 

Molecular docking simulations were conducted using AutoDock 4.0 to predict the binding interactions between nintedanib 

and the target proteins. AutoDock 4 employs a genetic algorithm for docking simulations, generating a set of potential 

protein-ligand complex conformations. These conformations were ranked based on their binding free energy values, with 

those exhibiting the most favorable binding energies selected for further analysis (Table VIII). Given the known amino acid 

residues involved in nintedanib binding, site-directed docking was employed for these proteins. For other proteins where 

binding site information was unavailable, both blind and site-specific docking simulations were performed. 

For each receptor protein, two sets of docking experiments were performed: site-specific (directed) and blind docking. 

Directed docking utilized previously identified binding site information to constrain the ligand's search space. In contrast, 

blind docking allowed the ligand to explore the entire receptor protein surface to identify the most favorable binding site. 

This dual approach provided a more comprehensive assessment of potential binding interactions36. 

The binding free energy values obtained from both docking methods were analyzed to identify the most promising binding 

conformations. LigPlot+ was used to visualize the binding interactions between the ligand and the receptor proteins. While 

the COACH server could not identify specific binding sites for IL-13, we conducted blind docking simulations for this 

molecule. As nintedanib's binding sites on VEGFR2 and FGFR1 are well-established, control experiments did not involve 

blind docking for these receptors. Our prime focus in this study is to check the interaction pattern of the Nintedanib with 

the following proteins RhoE-ROCK1, JNK, IL-13, Gal-3, autotaxin, CHIT-1, and ROCK2, therefore the co-crystal/reference 

ligands were removed from their structures. While nintedanib displayed favorable binding affinities for all target proteins, 

RhoE-ROCK1, CHIT-1, and JNK emerged as the most promising targets based on their binding free energy values. As 

detailed in Table IX, we employed the following docking protocols for each protein. The binding interactions between 

nintedanib and these receptor proteins are depicted in Figures 1 and 2. 

 
Table VIII. Binding free energy from docking results. 

Receptors 
Binding free energy (kcal/mol) 

Site-specific docking Blind docking 

VEGFR2 -9.27 - 
FGFR1 (ChainA) -8.74 - 
FGFR1 (ChainB) -6.17 - 
Autotaxin (6W35) -11.45 -5.00 
RhoE-ROCK1 (2V55) -11.57 -8.26 
JNK (3V6R) -8.60 -6.87 
CHIT-1 (6Z8E) -8.30 -8.98 
ROCK2 (7JNT) -5.45 -8.90 
Gal-3 (5H9P) -4.69 -6.49 
IL-13 (4I77) - -5.46 

https://journal.umpr.ac.id/index.php/bjop
https://portal.issn.org/resource/ISSN/2621-4814


Balasubramanian HB, Biswas S, Talmon M, Patrucco F, Balbo PE, Fresu LG, et al. 2024. Affinity of Nintedanib Towards New Candidate Target… 

269 

Table IX. Binding free energy from docking results. 

Protein ID Parameters Site-specific docking Blind docking 

2V55 Grid Points(user specific) X-points: 58 
Y-points: 52 
Z-points: 82 

X-points: 126 
Y-points: 126 
Z-points: 126 

Central Grid point of maps (-15.787, 46.861, 34.694) (-31.351, 48.495, 19.430) 
Macromolecule file in Grid maps 2V55NEW.pdbqt 2V55.pdbqt 
Grid parameter file 2V55.gpf 2V55.gpf 
Minimum Coordinates in grids (-27.155, 36.669, 18.622) (-82.948, -3.102, -32.167) 
Maximum Coordinates in grids (-4.419, 57.053, 50.766) (20.246,100.092, 71.027) 

3V6R Grid Points (user specific) X-points: 74 
Y-points: 46 
Z-points: 98 

X-points: 126 
Y-points: 126 
Z-points: 126 

Central Grid point of maps (16.554, -15.429, -23.232) (21.633, -22.936, -18.874) 
Macromolecule file in Grid maps 3V6Rnew.pdbqt 3V6Rnew.pdbqt 
Grid parameter file 3V6R.gpf 3V6R.gpf 
Minimum Coordinates in grids (2.679, -24.054, -41.607) (-14.970, -59.539, -55.477) 

6Z8E Grid Points (user specific) X-points: 60 
Y-points: 30 
Z-points: 26 

X-points: 126 
Y-points: 126 
Z-points: 126 

Central Grid point of maps (8.954, -2.708, -10.629) (14.600, -4.887, -10.506) 
Macromolecule file in Grid maps 6Z8ENEW.pdbqt 6Z8E.pdbqt 
Grid parameter file 6Z8E.gpf 6Z8E.gpf 
Minimum Coordinates in grids (-14.626, -14.498, -20.847) (-16.018,-35.505, -41.124) 

7JNT Grid Points (user specific) X-points: 28 
Y-points: 28 
Z-points: 22 

X-points: 126 
Y-points: 126 
Z-points: 126 

Central Grid point of maps (48.025, 60.570, 42.725) (46.477, 73.347, 44.105) 
Macromolecule file in Grid maps 7JNTNEW.pdbqt 7JNT.pdbqt 
Grid parameter file 7JNT.gpf 7JNT.gpf 
Minimum Coordinates in grids (34.025, 46.570, 31.725) (6.409, 36.459, 4.037) 

5H9P Grid Points (user specific) X-points: 48 
Y-points: 36 
Z-points: 54 

X-points: 110 
Y-points: 120 
Z-points: 116 

Central Grid point of maps (-19.226, 4.508, 1.724) (-13.132, -0.460, 6.424) 
Macromolecule file in Grid maps 5H9Pnew.pdbqt 5H9P.pdbqt 
Grid parameter file 5H9P.gpf 5H9P.gpf 
Minimum Coordinates in grids (-29.162, -2.944, -9.454) (-33.757, -22.960, -15.326) 

6W35 Grid Points (user specific) X-points: 64 

Y-points: 56 
Z-points: 80 

X-points: 126 

Y-points: 126 
Z-points: 126 

Central Grid point of maps (16.142, 3.060, 20.584) (-4.699, 3.083, 17.187) 
Macromolecule file in Grid maps 6W35new.pdbqt 6w351.pdbqt 
Grid parameter file 6W35.gpf 6w351.gpf 
Minimum Coordinates in grids (4.142, -7.440, 5.584) (-66.124, -58.342, -44.238) 

4I77 Grid Points (user specific) Not performed as no data for the binding sites were found 
from the COACH server 

X-points: 126 
Y-points: 90 
Z-points: 100 

Central Grid point of maps (0.775, 31.603, -24.165) 
Macromolecule file in Grid maps 4I771.pdbqt 
Grid parameter file 4I771.gpf 
Minimum Coordinates in grids (-62.225, -13.397, -74.165) 

1FGK (Chain-A) Grid Points (user specific) X-points: 74 
Y-points: 82 
Z-points: 126 

Not performed 

Central Grid point of maps (3.900, 6.729, 17.631) 
Macromolecule file in Grid maps FGK1.pdbqt 
Grid parameter file FGK1.gpf 
Minimum Coordinates in grids (-6.941, -5.284, -0.828) 

1FGK (Chain-B) Grid Points (user specific) X-points: 60 
Y-points: 114 
Z-points: 102 

Not performed 

Central Grid point of maps (70.806, 4.003, 15.899) 
Macromolecule file in Grid maps FGK1.pdbqt 
Grid parameter file FGK1.gpf 
Minimum Coordinates in grids (62.016, -12.698, 0.956) 

3C7Q Grid Points (user specific) X-points: 94 
Y-points: 126 
Z-points: 82 

Not performed 

Central Grid point of maps (20.635, 59.454, 37.551) 
Macromolecule file in Grid maps VEGFR2.pdbqt 
Grid parameter file VEFGFR2.gpf 
Minimum Coordinates in grids (8.509, 43.200, 26.973) 
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Figure 1. The binding interactions between the ligand and the different protein receptors (site-specific) of a: VEGFR2; b: FGFR1 Chain-A; c: FGFR1 Chain-B; 

d: ROCK2; e: CHIT-1; f: Gal-3; g: JNK; h: RhoE-ROCK1; and i: autotaxin. In each panel, A- represents the binding of the ligand with the receptor protein (the 

receptor protein is represented in the cartoon. The ligand is presented in ball stick model). B- represents the amino acid residues of the receptor protein binding 

with the ligand. C- represents the various types of non-covalent interactions during the binding of the ligand with the receptor. 
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Figure 2. The binding interactions between the ligand and the different protein receptors (blind docking) of a: IL-13; b: autotaxin; c: Gal-3; d: CHIT-1; e: JNK; 

f: RhoE-ROCK1; and g: ROCK2. In each panel, A- represents the binding of the ligand with the receptor protein (the receptor protein is represented in the 

cartoon. The ligand is presented in ball stick model). B- represents the amino acid residues of the receptor protein binding with the ligand. C- represents the 

various types of non-covalent interactions during the binding of the ligand with the receptor. 

 

Physiochemical and pharmacodynamics properties of the ligand 

We conducted a comprehensive ADMET (absorption, distribution, metabolism, excretion, and toxicity) profile analysis for 

the ligand molecule (Table X). The ADMET study was unable to be conducted using other web servers due to limitations. 

SwissADME could not analyze nintedanib due to the length of its SMILES character string (exceeding 200 characters). 

Additionally, pkCSM was undergoing maintenance during the time of this study. Additionally, the Lipinski rule of five was 

applied to assess the ligand's drug-likeness properties (Table XI). These results indicate that nintedanib is most likely 

absorbed from the human intestine, has low oral bioavailability, may inhibit and be a substrate for P-glycoprotein, and is 

moderately toxic when administered orally in a single dose. The results indicate that the ligand possesses favorable 

characteristics for drug development, suggesting its potential as a promising therapeutic candidate. These results are 

relevant as reported by Wind et al.7 previously. 

 
Table X. List of drug-likeliness properties of nintedanib. 

Parameters Values 

Molecular mass (Da) 541 
Hydrogen bond donor 2 
Hydrogen bond acceptors 9 
LogP 2.2736 
Molar refractivity (m3/mol) 155.623642 

c

A B
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Table XI. ADMET profile of nintedanib. 

Parameters Values 

Acute oral toxicity (class) III 
Blood brain barrier - 
Human intestinal absorption + 
Human oral bioavailability - 
P-glycoprotein inhibitor + 
P-glycoprotein substrate + 

 

CONCLUSION 

This study investigated the binding interactions of nintedanib with several ancillary proteins implicated in the pathogenesis 

of IPF, including RhoE-ROCK1, JNK, IL-13, Gal-3, autotaxin, and CHIT-1. Nintedanib is a well-established inhibitor of 

VEGFR2, PDGF, and FGFR1, which are key drivers of IPF. Our molecular docking simulations revealed that nintedanib 

exhibits strong binding affinities to both autotaxin and RhoE-ROCK1, comparable to its interactions with VEGFR2 and 

FGFR1. These findings suggest that nintedanib might exert additional beneficial effects in IPF treatment by targeting these 

alternative pathways. However, further in vitro studies are warranted to validate the functional implications of these 

binding interactions and elucidate the precise mechanisms through which nintedanib could influence IPF progression. 
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