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A B S T R A C T   

Due to low cost and time-saving benefits, drug repurposing is a safe and successful method to discover drug. A 
druggable target for inflammation, transforming growth factor-beta type-1 (TGF-β 1) has been identified to be 
associated with wound healing. Finding the most effective TGF-β 1 inhibitor among FDA-approved anti-in-
flammatory medications was the goal of the current investigation. To find the best hits against TGF-β 1, we used 
structure-based virtual screening on medications that have received FDA approval. We discovered two FDA- 
approved medications with notable selectivity and affinity for the binding pocket of TGF-β 1. Mefenamic acid, 
one of these found hits, interacts with key TGF-β 1 residues and favourably attaches to the binding pocket, 
requiring further study. The kinetics of the binding between mefenamic acid and TGF-β 1 were revealed by all- 
atom precise molecular dynamics (MD) simulations. Mefenamic acid, which may also be used as a possible lead 
chemical against TGF-β 1, may be a promising TGF-β 1 inhibitor.   

1. Introduction 

The complicated and multifaceted process that occurs in reaction to a 
disruption of the normal anatomical structure and function of a skin 
tissue is referred to as wound healing. It is characterised by a number of 
events, including inflammation, the cellular phase (granulation), the 
shrinking of the wound area (wound contraction), the synthesis of 
collagen, the covering of the epithelium (epithelialization), and the 
remodelling of the scar (cicatrization). All these processes flow together 
to successfully complete wound healing and restore the skin’s dis-
organised anatomical and functional condition (Ibrahim et al., 2018). 
The materials employed in the wound dressing can have a significant 
impact on wound care and the effectiveness of wound healing in 
occluding the wounded tissue (Hajialyani et al., 2018). It is a worldwide 
problem to design and produce an adequate wound dressing for the 
healing of both acute and chronic wounds (Yazarlu et al., 2021). A 

wealth of knowledge on the function of conventional treatments in 
addressing the underlying causes of nonhealing wounds is available in 
several research. Traditional wound healing therapies have been 
explored experimentally and therapeutically including cell 
culture-based, animal and human-based studies. 

The three different proteins TNF, TGFBR1, and IL-1β play key roles in 
wound healing (Shady et al., 2022). Among them, a protein called 
transforming growth factor (TGF) is a transmembrane serine/threonine 
kinase that phosphorylates SMAD proteins, leading to their dimerization 
and transport to the nucleus, where gene transcription takes place 
(Harikrishnan et al., 2018). TGF-β is crucial for the formation of the 
extracellular matrix (ECM) and for promoting the chemotaxis of fibro-
blast cells. Granulation tissue forms as a result of the proliferative phase 
of the fibroblast process, giving the wound a reddish appearance. Three 
isoforms of TGF-β have been found; transforming growth factor beta 1 
(TGF-β receptor type-1) is one of these isoforms can influence 
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mesenchymal cell differentiation and proliferation as well as boost the 
synthesis of extracellular matrix (ECM) during wound healing (Aida 
et al., 2022). Additionally, the target is TGF-β receptor type-1, which 
plays a crucial role in wound healing through regulation of the process 
of cell differentiation and proliferation rather than its modulatory effect 
on the immune response (Shady et al., 2022). 

It takes time and money to produce a new medication; development 
timeframes sometimes exceed 10 years, and costs can range from $800 
million to $1.2 billion (Hamed et al., 2014). A more recent method for 
creating secure and efficient medicines against illnesses is drug repur-
posing (Atiya et al., 2023). While virtual screening, which has demon-
strated considerable potential in the field of drug development, will be 
crucial in locating lead (active) compounds in databases (Shen et al., 
2003). The creation of tiny molecules that act as disease inhibitors has 
been ongoing over the past five years. This effort includes high 
throughput screening, testing of natural compounds, rational drug 
design synthesis, and virtual screening utilising computer-aided drug 
design (CADD) (Dighe et al., 2019). Additionally, drug repurposing of-
fers a number of advantages with little financial outlay and high returns. 
The new medicine candidate has a decreased probability of failure 
because it has previously successfully completed many studies. The 
main benefit of medication repurposing is that it makes use of the 
various action routes and targets that a medicine can use. Because the 
information on medication toxicity is already available and processing 
time is drastically cut, safety is another benefit of drug repurposing 
(Atiya et al., 2023). 

Here, we used structure-based virtual screening to discover possible 
TGF-β 1 kinase domain inhibitors from the FDA-approved anti-inflam-
matory drugs (Table S1). In order to locate FDA-approved anti-inflam-
matory medications, we examined the literature library. Then, we 
virtually screened these medications against TGF-β 1 kinase domain 
receptor, which is a potent druggable target for wound healing. The top 
hit compound out of the top two compounds (Ketorolac and Mefenamic 
acid) that we found was chosen for more in-depth research. Pharma-
cological characteristics were used to interpret the druggability score of 
the lead compound (Mefenamic acid). Furthermore, to understand the 
binding and conformational dynamics of the TGF-β 1-Mefenamic acid 
complex, a thorough investigation utilising molecular dynamics (MD) 
simulation research was performed on the leading medication. 

2. Methodology 

2.1. Virtual screening 

Using the protein-ligand docking approach, we generated a library of 
20 FDA-approved anti-inflammatory medicines (Table S1) and con-
ducted virtual screening for the target transforming growth factor-beta 
type-1 (TGF-β 1). The Protein Data Bank’s PDB ID 6B8Y was used to 
locate the crystal structure of TGF-β 1. The online docking programme 
Cavity-detection guided Blind Docking (CB-Dock) was used to estimate 
the docking analysis using the virtual screening techniques mentioned 
before (Roney et al., 2023a,b,c). Molecular docking-based virtual 
screening in a blind search space was carried out using the CB-Dock 
programme. The structures of co-crystallized ligand and 
FDA-approved anti-inflammatory medicines were built using Chem-
Sketch programme. To see the bond conformations and binding affin-
ities of ligands with TGF-β 1, docking analysis was used. When the 
virtual screening was finished using CB-Dock, the screening findings 
were examined, and the best docked conformations were then taken for 
additional examination. 

2.2. Re-docking 

Using the Discovery Studio 3.1 (DS3.1) software and the Rullah et al. 
method, the elucidated drugs from the virtual screening study and the 
co-crystal were taken for re-docking analysis with TGF-β 1 (Rullah et al., 

2023). The co-crystal was re-docked into the designated binding site in 
order to replicate the co-crystal’s binding posture as the original ligand 
in 6B8Y, therefore validating the docking process. Among the 
top-ranking conformation clusters from the dock, the difference between 
the redocked and original posture was evaluated using the 
root-mean-square deviation (RMSD) value. For the docking approach, 
the process that resulted in a docked result with a low RMSD value 
(below 2.0 Å) was used. 

2.3. Pharmacological properties 

To test the theoretical pharmacokinetics and forecast the drug- 
likeness of the ligands, mefenamic acid and co-crystal were assessed 
using ADMET restrictions in accordance with Lipinski’s rule of five and 
oral bioavailability. Effective drug-like molecules are those compounds 
that adhere to three or more of the five criteria. Molecular descriptors 
for Lipinski’s rule were examined using the online prediction tool Mol-
soft L.L.C. (Molecular characteristics and drug likeliness) (Panchal et al., 
2021). A drug-likeliness score (between − 1 and +1) is provided by the 
programme along with scores for each of the five categories. 

2.4. Molecular dynamic (MD) simulation 

Beginning with the lead protein-Mefenamic acid and protein- 
reference chemical complexes chosen from the molecular docking, all 
atom-based molecular dynamics simulations were performed. Using the 
AMBER20 programme, the MD simulations were carried out (Roney 
et al., 2023a,b,c). The system was separated by 10 Å before the addition 
of a truncated octahedral TIP3P water box. Additionally, hydrogen 
atoms were added to the system using the LEaP module, and the charge 
in the system was subsequently neutralised with Na+/Cl− ions. The NVT 
system simulation was ran for 500 ps at the maintenance temperature of 
310.15 K in order to additionally distribute the solvent molecules 
equally throughout the water box. Finally, simulations of two com-
plexes—Protein-Mefenamic acid and Protein-reference com-
pound—were employed for a 100 ns NPT system with periodic threshold 
requirements. 

2.5. Free energy calculations of TGF-β 1-mefenamic acid and reference 
compound complexes 

The binding free energy between the protein and ligand for each 
system was calculated using the MM-GBSA method (Roney et al., 2023a, 
b,c). This study’s estimate used a 100 ns MD trajectory. The calculation 
equations are as follows:  

ΔGbind = Egas + Gsol - TDS                                                                     

Egas = Eint + Evdw + Eele                                                                        

Gsol = GGB + Gnon-polar                                                                           

Gnon-polar = ɣSASA + b                                                                         

Egas is the total of the internal energy terms for the AMBER force 
field, where ΔGbind is assumed to be the sum of the gas phase and sol-
vation energy terms less the entropy (TDS) term. Covalent van der Waals 
(Evdw), Eint (bond, angle, and torsion), and the non-bonded electrostatic 
energy component (Eele). 

3. Results and discussion 

3.1. Docking-based virtual screening 

The drug development process benefits greatly from computational 
techniques (Atiya et al., 2023). In-silico virtual screening describes 
macromolecule-ligand interactions using computer models (Murgueitio 
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et al., 2012). We virtually screened the 20 medications to identify the 
high-affinity TGF-β 1 binding partners (Table S2). We discovered that 
several of the medicines that were screened exhibit a significant binding 
affinity score towards the TGF-β 1 binding pocket and may thus be 
further chosen for in-depth study. Out of 20 medicines with significant 
binding affinities to TGF-β 1 that were found by screening of the output, 
two were found to be hits (Table 1). With the co-crystallized ligand (PDB 
ID: 6B8Y), both medications exhibit equal affinity towards TGF-β 1. 

The DS3.1 was then used to re-dock the chosen two medicines, and 
interacting residue interactions were used to analyse binding modes and 
interaction patterns (Table 2). Before re-docking procedure, we vali-
dated the software by docking the co-crystal in the docking site of 6B8Y 
protein and compared the RMSD value with the original pose of co- 
crystal. The docked co-crystal conformation that was recovered is su-
perposed over the co-crystallized ligand in Fig. 1. The docking algorithm 
utilised is effective in predicting the binding mode of the ligands, as 
evidenced by the 0.11 Å RMSD value between the redocking co-crystal 
and binding posture crystallized co-crystal, which was less than 2.0 Å. 

Based on the molecular docking study, the selected two compounds 
(ketorolac and mefenamic acid) bound in the active site of target protein 
with the binding energy of − 39.1791 and − 41.5397 kcal/mol, respec-
tively. Important TGF-β 1 residues, such as Val219, Ala230, Lys232, 
Leu260, and Leu340, were shown to interact with two medications, 
ketorolac and mefenamic acid, in a substantial number of ways (Figs. 2 
and 3). These findings, which were thoroughly examined, indicate that 
ketorolac and mefenamic acid have distinct interactions with the 
bonding pocket of TGF-β 1. Ketorolac is stabilised by multiple alkyl and 
pi-alkyl bonds with the residues Ala230, Leu260, Val219, Leu340, and 
Ile211, as well as a tight hydrogen link with His283 (2.43 Å) (Fig. 2A and 
B). Similar to this, mefenamic acid makes a number of alkyl and pi-alkyl 
connections with the residues of Val219, Leu260, Lys232, Ala230, and 
Leu340 (Fig. 3A–B), as well as two hydrogen bonds with Tyr249 (1.86 Å) 
and Asp351 (2.30 Å). 

Additionally, four hydrogen bonds with the residues His283 (2.62 
Å), Tyr249 (4.11 Å), Lys232 (4.43 Å), and Asp351 (2.11 Å), as well as a 
number of alkyl and pi-alkyl bonds with the residues of Ile211, Leu340, 
Ala350, Val219, Leu278, Ala230, and Tyr249, all contribute to the co- 
crystal’s stabilisation. Additionally, the Asn338, Lys332, Lys337, 
Asp281 and His283 residues of the co-crystal displayed hydrophobic 
interactions with one another (Fig. 4A–B). 

TGF-β 1 was used to investigate the pharmaceutical medicines 
ketorolac and mefenamic acid for their intricate interactions. The in-
teractions graphs demonstrated that ketorolac binds to His283 in a 
hydrogen bond in addition to other interactions. Mefenamic acid also 
engages in a number of hydrophobic interactions and creates hydrogen 
bonds with Tyr249 and Asp351. Both medications have a number of 

TGF-β 1 interactions in common. A number of well-known small mole-
cules including TGF-β 1 revealed structural similarities with ketorolac 
and mefenamic acid. Mefenamic Acid demonstrated particular and 
noteworthy binding energy and interactions with TGF-β 1 protein, ac-
cording to the findings and discussion. These results suggest that 
mefenamic acid may be used as wound healing agent. The starting point 
for our stability MD simulations was the chosen posture for mefenamic 
acid. 

3.2. Pharmacological property 

The findings suggest that mefenamic acid adhered to four of 

Table 1 
List of selected drugs based on the binding affinity and H-Bs with TGF-β 1 using 
the CB-Dock for virtual screening purpose.  

Compound 
Name 

Vina 
Score 

No. Of 
H–B 

Bound Amino acids 

Ketorolac − 9.0 9 Ala264, Leu278, Val231, Ala230, Val 279, 
Tyr249, Gly 261, Asp281, Gly286 (H–B), 
Glu245, Leu278, Lys232, Val219, Tyr249, 
Ile211, Ala230, Leu260, Leu340 (C–H), 
Lys232, His283 (ionic) 

Mefenamic 
acid 

− 9.2 7 Leu278, Val231, Ala230, Trp 220, Asp281, 
Tyr249, Gly286 (H–B), Glu245, Val219, 
Tyr249, Leu260, Ile211, Ala230, Leu340 
(C–H), Lys232 (pi-cation), Lys232, His283 
(ionic) 

Co-Crystal − 11.6 10 Gly286, Tyr249, Asn338, His283, Val231, 
Leu278, Ala230, Ser 280, Asp281, Ala264 
(H–B), Leu260, Asn338, Leu340, Ala230, 
Ile211, Val219, Lys232, Leu278, Glu245, 
Phe 262, Tyr249 (C–H), Lys232, His283 
(ionic)  

Table 2 
Re-docking interaction energy to select the lead drug against TGF-β 1 using the 
DS3.1  

Compound 
Name 

CDOCKER 
Interaction Energy 

Bound Amino Acids 

Ketorolac − 39.1791 His283 (2.43) (H–B), Lys232 (pi-cation), 
Ala230, Leu260, Val219, Leu340, Ile211 
(alkyl/pi-alkyl) 

Mefenamic 
acid 

− 41.5397 Tyr249 (1.86), Asp351 (2.30) (H–B), 
Val219, Leu260, Lys232, Ala230, Leu340 
(alkyl/pi-alkyl) 

Co-crystal − 53.445 His283 (2.62), Tyr249 (4.11), Lys232 
(4.43), Asp351 (2.11) (H–B), Asn338, 
Lys332, Lys337, Asp281, His283 (C–H), 
Glu245 (halogen), Ile211, Leu340, Ala350, 
Val219, Leu278, Ala230, Tyr249 (alkyl/pi- 
alkyl)  

Fig. 1. Overlaying the co-crystal recovered from the protein crystal structure 
with the redocked conformation of the co-crystal. The redocked co-crystal is 
shown in yellow, while the original co-crystal is shown in black. (For inter-
pretation of the references to colour in this figure legend, the reader is referred 
to the Web version of this article.) 
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Lipinski’s rules: the molecular weight had to be below 500 Da, the H- 
bond acceptor had to be below 5, the H-bond donor had to be below 10, 
and the refractive molar range had to be between 40 and 130 cm3. The 
co-crystal adhered to all of Lipinski’s criteria (Table 3). Mefenamic acid 
did not exhibit the anticipated value as the co-crystal, but it still passed 
Lipinski’s tests with a predicted drug-likeliness model score of 0.29 
(Fig. 5a), which is at the high end of the scale for a compound’s drug- 
likeliness, and a predicted drug-likeliness model score of 0.36 
(Fig. 5b), which is at the predicted value for the co-crystal. As a result, it 
may be said that mefenamic acid also shown a higher likelihood of 
success for drug-likeness research. 

3.3. Molecular dynamic (MD) simulation 

The protein backbone RMSD calculated from the MD simulation 
trajectory was used to assess the stability of protein-Mefenamic acid and 
protein-reference chemical complexes. Proteins are more likely to be 

folded when the RMSD is lower and more likely to be unfolded when the 
RMSD is higher (Costa et al., 2022). Low fluctuation or continuous 
variance in RMSD are indicators of system equilibration. Fig. 6 displays 
the estimated RMSD of the TGF-β receptor type-1 backbone for each 
frame. The protein backbone RMSD gradually increased up to around 
20 ns, as seen in Fig. 6, and then it stabilised until the simulation was 
over. No uncommon or abnormal backbone deviations were found. 
When doing an MD simulation, the protein deviation may be estimated 
using the average RMSD of the backbone. The backbone of the TGF-β 
receptor type-1 was found to have an average RMSD of 1.86 ± 0.28 Å. 

It’s critical to monitor the ligand’s departure from its native structure 
during the MD simulation. The outcome of the ligand-RMSD calculation 
is displayed in Fig. 7. The simulation revealed that mefenamic acid and 
the reference compounds remained essentially unchanged. As shown in 
Table 4, the mefenamic acid and reference compound RMSDs were 
calculated to be 1.91 ± 0.35 Å and 1.64 ± 0.30 Å, respectively. 
Furthermore, the low RMSD and continuous fluctuation show that the 

Fig. 2. TGF-β 1 interactions with Ketorolac. (A) 3D view of TGF-β 1 with Ketorolac. (B) 2D view of TGF-β 1 with Ketorolac.  

Fig. 3. TGF-β 1 interactions with Mefenamic acid. (A) 3D view of TGF-β 1 with Mefenamic acid. (B) 2D view of TGF-β 1 with Mefenamic acid.  
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protein-ligand combination was stable throughout the experiment 
(Hasan et al., 2022). 

In order to achieve the stability of the complex with the ligand, the 
amino acid residues of the protein play a crucial role (Patel et al., 2021). 
The variability of certain amino acid residues may be studied using the 
RMSF parameter. Fig. 8 displays the outcomes of calculating the RMSF 
for each amino acid in the TGF-β receptor type-1 using MD simulation 
trajectories. It was discovered that the TGF-β receptor type-1 amino 
acids varied similarly when bound to mefenamic acid and the reference 
substance. The distinction between the maximum and average RMSF 
might shed light on the variability of the simulation. The values were 
determined to be 10.89 ± 3.47 Å and 12.63 ± 0.4.16 Å with Mefenamic 
acid and reference drug, respectively, when the RMSF of TGF-β receptor 
type-1 Apo protein was 7.02 ± 2.24 Å. However, these significant 

oscillations were shown to be caused by loop sections extending in 
protein structural conformations, which are located outside of the 
binding pocket. 

The RoG, computed from the MD simulation trajectory, was utilised 
to look into the compactness of the Mefenamic acid and reference 
compound-bound TGF-β receptor type-1. Fig. 9 displays the computed 
RoG for each system. It’s interesting to see that the system stayed small 
throughout the test. The difference in RoG values between the highest 
and lowest TGF-β receptor type-1 Apo protein was calculated to be 0.71 
Å; the values for the proteins bound to Mefenamic acid and the reference 
compound were 0.86 Å and 0.70 Å, respectively. Compactness and little 
deviation provided an explanation for the complexes’ rigidity and 
stability. 

Protein interactions with the ligand were shown throughout through 

Fig. 4. TGF-β 1 interactions with Co-crystal. (A) 3D view of TGF-β 1 with Co-crystal. (B) 2D view of TGF-β 1 with Co-crystal.  

Table 3 
Pharmacological properties for Mefenamic acid and co-crystal predicted by Lipinski’s rule of five for oral bioavailability using Molsoft L.L.C. software.  

Parameter  Mefenamic acid Co-crystal 

Acceptance criteria Score Complies/does not comply Score Complies/does not comply 

Molecular weight <500 Da 241.11 Complies 374.09 Complies 
H-bond acceptor <5 2 Complies 4 Complies 
H-bond donor <10 2 Complies 2 Complies 
Mol LogP <5 5.10 Does not comply 3.79 complies 
Molar refractivity 40–130 cm3 72.88 cm3 Complies 89.42 cm3 Complies 
Drug-likeness score – 0.29 0.29 0.36 0.36  

Fig. 5. The Drug-likeliness model score for (a) Mefenamic acid (b) co-crystal were predicted using Molsoft L.L.C. software to be 0.29, indicating that Mefenamic acid 
possesses drug-like properties for oral formulation based on bioavailability. 
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the simulation (Fig. 10). H-bond interaction study is necessary to 
comprehend the stability of the proposed protein-ligand combination. 
H-bonding facilitates the ligand’s capacity to enter the binding site. 
Hydrogen bonding (H–B) is one of the most powerful non-covalent 
binding interactions; a higher value indicates greater binding. 

According to the experimental results, the simulation’s latter stages 
were essentially when the hydrogen bond counts of two complexes were 
at their peak. The protein-Mefenamic acid and protein-reference com-
pound hydrogen bonding diagrams of the complex were not sparser in 
the latter phases of simulation, indicating that van der Waals and pi- 
alkyl bonding was the main contributor to their stability. Neverthe-
less, mefenamic acid created hydrogen connections with Ala230 resi-
dues that were discovered during the docking experiment. Furthermore, 
Lys232, Tyr249, and His283 residues that were also discovered in the 
docking tests established hydrogen bonds with the reference molecule. 

Fig. 11 displays the calculated and tracked SASA of Mefenamic acid 
and the reference molecule coupled to TGF-β receptor type-1 during 
simulations. Variations in the solvent accessibility of proteins were 
accounted for using this parameter. The SASA did not reveal any 
appreciable variation. As indicated in Table 4, the difference between 

Fig. 6. RMSD plot of 100 ns MD simulation of TGF-β 1 in (black) apo and 
complex with (red) Mefenamic acid and (green) co-crystal. (For interpretation 
of the references to colour in this figure legend, the reader is referred to the 
Web version of this article.) 

Fig. 7. RMSD plot of 100 ns MD simulation of (red) Mefenamic acid and 
(green) co-crystal. (For interpretation of the references to colour in this figure 
legend, the reader is referred to the Web version of this article.) 

Table 4 
RMSD, RMSF, Radius of Gyration, Hydrogen bonds and SASA analysis for protein-Mefenamic acid and protein-reference compound complexes.  

System Ligand RMSD RMSD (Å) RMSF (Å) RoG (Å) HB SASA (A2) 

Apo (Unbound)  1.86 ± 0.28 7.02 ± 2.24 19.75 ± 0.09 159.75 ± 8.12 14,489.65 ± 272.88 
Min - Max  0–2.55 1.56–12.75 19.43–20.14 126–193 13,376.54–15,617.66 
Mefenamic Acid complex 0.90 ± 0.30 1.91 ± 0.35 10.89 ± 3.47 19.78 ± 0.10 161.52 ± 8.08 14,438.47 ± 332.27 
Min - Max 0–2.35 0.00–2.95 2.52–19.55 19.43–20.29 126–202 13,228.65–15,689.81 
Reference compound complex 0.60 ± 0.16 1.64 ± 0.30 12.63 ± 0.4.16 19.67 ± 0.09 166.15 ± 8.11 13,835.46 ± 275.95 
Min - Max 0–1.01 0–2.43 3.16–22.79 19.35–20.05 133–201 12,706.50–14,966.00  

Table 5 
Free binding energy calculation for protein-Mefenamic acid and protein- 
reference compound complexes.  

System Energy components (kcal/mol) 

ΔEvdw ΔEele ΔGgas ΔGsol ΔGbind 

Mefenamic 
Acid 

− 35.70 ±
4.45 

− 10.49 ±
3.53 

− 46.19 ±
5.34 

16.48 ±
2.61 

− 29.71 ±
3.99 

Compound 19 
(D0A) 

− 53.67 ±
2.74 

− 29.94 ±
4.36 

− 83.61 ±
4.89 

32.55 ±
2.95 

− 51.05 ±
3.51 

ΔEele = electrostatic energy; ΔEvdW = van der Waals energy; ΔGbind = total 
binding free energy; ΔGsol = solvation free energy ΔG = gas phase free energy. 

Fig. 8. RMSF plot of 100 ns MD simulation of TGF-β 1 in (black) apo and 
complex with (red) Mefenamic acid and (green) co-crystal. (For interpretation 
of the references to colour in this figure legend, the reader is referred to the 
Web version of this article.) 
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the highest and average SASA for the TGF-β receptor type-1 Apo protein 
was 1028.01 ± 272.882 Å2, and it was also 1251.34 ± 332.272 Å2 when 
it was coupled with mefenamic acid and 1130.54 ± 275.952 Å2 when it 
was coupled with the reference molecule. The overall conclusions from 
the parameters gained using the MD simulation trajectory have thus 
clearly defined the stability of the complexes of TGF-β receptor type-1 
with Mefenamic acid and the reference molecule. 

3.4. Free energy calculations of TGF-β 1-mefenamic acid and reference 
compound complexes 

Based on the trajectory of molecular dynamics simulations, the 

binding free energy was calculated in this work using the MM-GBSA 
method (Roney et al., 2023a,b,c). The binding free energy can more 
accurately reflect how tiny compounds and target proteins bind (Wang 
et al., 2015). The experimental results show that the binding free en-
ergies for protein-Mefenamic Acid and protein-reference molecule are, 
respectively, − 29.71 ± 3.99 kcal/mol and − 51.05 ± 3.51 kcal/mol 
(Table 5). Negative values indicate that these two chemicals have a 
binding affinity to the target proteins, while lower values indicate 
stronger binding. These chemicals have extraordinarily high binding 
affinities, according to the simulation results. Most of the binding free 
energy of these complexes were accounted for by van der Waals and 
Pi-alkyl interactions. 

4. Conclusion 

Repurposing licenced medications offers an alternate method for 
creating secure and efficient therapies for illnesses that are emerging 
quickly. Here, we used a structure-based, rational, virtual screening 
method to look for possible TGF-β 1 inhibitors. Following structural and 
pharmacological investigations, the virtual screening recommended 
mefenamic acid as a potential TGF-β 1 inhibitor. When it comes to the 
binding pocket of TGF-β 1 and its essential active residues, this medi-
cation exhibits both a notable affinity and specificity. Further analysis of 
the TGF-b 1-Mefenamic acid complex through all-atom MD simulations 
for 100 ns on TGF-β 1 and its ligand-bound complexes indicates that 
TGF-b 1-Mefenamic acid complex will remain stable throughout the 
simulation trajectory. Moreover, in-vitro and in-vivo experiments will be 
used in a wet lab to confirm the current computational findings. 
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Fig. 9. Radius of gyration plot of 100 ns MD simulation of TGF-β 1 in (black) 
apo and complex with (red) Mefenamic acid and (green) co-crystal. (For 
interpretation of the references to colour in this figure legend, the reader is 
referred to the Web version of this article.) 

Fig. 10. Hydrogen bonds plot of 100 ns MD simulation of TGF-β 1 in (black) 
apo and complex with (red) Mefenamic acid and (green) co-crystal. (For 
interpretation of the references to colour in this figure legend, the reader is 
referred to the Web version of this article.) 

Fig. 11. SASA plot of 100 ns MD simulation of TGF-β 1 in (black) apo and 
complex with (red) Mefenamic acid and (green) co-crystal. (For interpretation 
of the references to colour in this figure legend, the reader is referred to the 
Web version of this article.) 
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