
Ravi Kant Kushwaha, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 8, 1747-1774 | Review 

*Corresponding Author: Ravi Kant Kushwaha 
Address:  Maharishi University of Information Technology, Lucknow 

Email      : santoshc25656@gmail.com 
Relevant conflicts of interest/financial disclosures: The authors declare that the research was conducted in the absence of 
any commercial or financial relationships that could be construed as a potential conflict of interest.   
         

              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                1747 | P a g e  

 

 

 

 

 

 

 

 

 

Rheumatoid arthritis (RA) is a progressive autoimmune condition marked by chronic 

inflammation and joint damage, largely driven by molecular players like TNF-α and 
JAK3. In an effort to uncover potential therapeutic leads, this study focused on 

evaluating a set of fifteen naturally derived and synthetic compounds through molecular 

docking techniques. The docking analyses were carried out using the crystal structures 

of TNF-α (PDB ID: 6RMJ) and JAK3 kinase (PDB ID: 3LXK). Notably, compounds 
such as 2-(1-phenylethyl) phenol and select flavonoid derivatives showed favorable 

binding scores, indicating a potential to interfere with these inflammatory mediators. To 

further assess the viability of these candidates, we performed ADME profiling and 

toxicity predictions using SwissADME and ProTox-II. The findings revealed that most 

top-performing compounds had acceptable physicochemical properties, reasonable 

water solubility, and limited predicted toxicity. However, some limitations were 

observed, including low gastrointestinal absorption in certain flavonoids and mild 

enzyme inhibition risks. Overall, this computational approach highlights a promising 

direction for early-stage drug discovery in RA, with several compounds standing out as 

strong candidates for further refinement and experimental validation. 
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INTRODUCTION  

Rheumatoid arthritis (RA) is a chronic systemic 

autoimmune disease characterized by persistent 

synovial inflammation, progressive cartilage 

destruction, bone erosion, and joint deformity, 

ultimately leading to pain, functional disability, 

and reduced quality of life (1). RA affects 

approximately 0.5–1% of the global population, 

with a higher prevalence among women and older 

adults, and continues to represent a major 

healthcare burden worldwide (2). The 

pathogenesis of RA is driven by a complex 

interplay between genetic susceptibility, 

https://www.ijpsjournal.com/
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environmental factors, and dysregulated immune 

responses.(3) Activated immune cells within the 

synovial membrane produce excessive levels of 

pro-inflammatory cytokines, particularly tumor 

necrosis factor-alpha (TNF-α) and other 
inflammatory mediators, which stimulate chronic 

inflammation and activate intracellular signaling 

pathways such as the Janus kinase/signal 

transducer and activator of transcription 

(JAK/STAT) pathway (4)(5). Persistent activation 

of these signaling cascades promotes synovial 

hyperplasia, pannus formation, cartilage 

degradation, and bone destruction, making TNF-α 

and JAK3 attractive therapeutic targets for the 

treatment of RA.(6) Current therapeutic strategies 

for RA include non-steroidal anti-inflammatory 

drugs (NSAIDs), corticosteroids, conventional 

disease-modifying antirheumatic drugs 

(DMARDs), biologic DMARDs targeting TNF-α, 
and targeted synthetic DMARDs such as JAK 

inhibitors. Although these therapies have 

significantly improved disease management, their 

long-term clinical use is of therapeutic resistance 

(7,8). Consequently, the discovery of novel anti-

inflammatory agents with improved efficacy, 

selectivity, and safety remains an important 

objective in RA drug development. Recent 

advances in computer-aided drug design (CADD) 

have greatly accelerated the identification of 

potential drug candidates by enabling rapid virtual 

screening and prediction of ligand–protein 

interactions before experimental evaluation.(9) 

Among these computational approaches, 

molecular docking has become a widely used 

technique for estimating binding affinity, 

predicting binding modes, and understanding the 

molecular interactions responsible for biological 

activity (10,11). When combined with absorption, 

distribution, metabolism, and excretion (ADME) 

profiling and toxicity prediction, molecular 

docking provides a reliable and cost-effective 

strategy for prioritizing promising lead 

compounds for further biological evaluation.(12) 

Phenolic compounds and flavonoids have attracted 

considerable attention because of their broad 

spectrum of biological activities, including 

antioxidant, anti-inflammatory, and 

immunomodulatory effects (13). Numerous 

studies have demonstrated that these natural 

scaffolds can regulate inflammatory signaling 

pathways and suppress the production of pro-

inflammatory mediators, suggesting their potential 

as lead molecules for the development of novel 

anti-rheumatoid agents (14,15) Structural 

modification of these compounds further provides 

opportunities to improve their pharmacological 

and physicochemical properties. 

Therefore, the present study aimed to identify 

potential inhibitors of key inflammatory targets 

involved in RA by computational approaches. A 

total of fifteen naturally derived and synthetic 

phenolic and flavonoid compounds were selected 

and evaluated against TNF-α (PDB ID: 6RMJ) and 

Janus kinase 3 (JAK3; PDB ID: 3LXK) using 

molecular docking. The most promising 

compound was subsequently subjected to ADME 

and ProTox-II toxicity prediction to assess its 

pharmacokinetic characteristics and safety 

profile(16,17) The findings of this study provide 

valuable insights into the identification of novel 

lead molecules targeting inflammatory pathways 

and establish a computational basis for the future 

development of safer and more effective 

therapeutic agents for rheumatoid arthritis. 

2. METHODOLOGY AND METHODS 

2.1. Natural Compound Selection 

A total of 15 natural compounds were selected 

from the literature based on their reported anti-

inflammatory and antioxidant activities. The 

selected compounds primarily belong to the 

phenolic and flavonoid classes and were chosen 
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for their potential to interact with inflammatory 

targets implicated in rheumatoid arthritis. The 

two-dimensional (2D) chemical structures of all 

selected compounds were drawn using 

ChemDraw, and their molecular formulas were 

verified before subsequent computational 

analyses.(18) The complete list of compounds, 

along with their molecular formulas and chemical 

structures, is presented in Table 1 

Table 1: Chemical structures and molecular formulas of the selected compounds. 

Sr. No. Compounds Molecular formula Structure 

1 ortho-benzylphenols C13H12O 

 
2 3,4-dimethylphenol C8H10O 

 
3 para-cresol C7H8O 

 
4 2-(1-phenylethyl) phenol C14H14O 

 
5 2-methyl-6-(1-phenylethyl) phenol C15H16O 

 
6 4,5-dimethyl-2-(1-phenylethyl) phenol C16H18O 

 
7 2-chloro-6-(1-phenylethyl) phenol C14H13ClO 

 
8 4-ethyl-2-(1-phenylethyl) phenol C16H18O 

 
9 4-methyl-2-(1-phenylethyl) phenol  

C84H90O4 

 
10 para-fluorophenol C6H5FO 

 
11 ortho-benzylated phenols C13H11ClO 
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12 3,5,7-trihydroxy-2-(4-hydroxyphenyl)-
4H-chromen-4-one 

C15H10O6 

 

 
13 3,5,7-Trihydroxy-2-(3,4,5-

trihydroxyphenyl)-4H-1-benzopyran-4-
one 

C15H10O8 

 
14 5,7-dihydroxy-2-(4-hydroxyphenyl)-4H-

chromen-4-one 
C15H10O5 

 
15 3',4',5,7-tetrahydroxyflavone C15H10O6 

 

2.2. Target Protein Selection 

Two key therapeutic targets involved in the 

pathogenesis of rheumatoid arthritis (RA), tumor 

necrosis factor-alpha (TNF-α) and Janus kinase 3 

(JAK3), were selected based on an extensive 

literature review due to their critical roles in 

regulating inflammatory signaling pathways. 

TNF-α is a major pro-inflammatory cytokine 

responsible for synovial inflammation and joint 

destruction, whereas JAK3 mediates cytokine-

induced signaling through the JAK/STAT 

pathway, contributing to immune cell activation 

and disease progression. The three-dimensional 

crystal structures of TNF-α (PDB ID: 6RMJ) and 

JAK3 (PDB ID: 3LXK) were retrieved from the 

Protein Data Bank (PDB) and used for molecular 

docking studies.(19) 

Target Protein 1 (TNF-α): The crystal structure of 

human tumor necrosis factor-alpha (TNF-α) was 

retrieved from the Protein Data Bank using PDB 

ID: 6RMJ.(20) This protein is classified as a 

cytokine, originates from Homo sapiens, and was 

expressed in Escherichia coli BL21 (DE3). TNF-

α plays a central role in mediating inflammatory 
responses and is one of the primary therapeutic 

targets in rheumatoid arthritis.(21) 

Target Protein 2 (JAK3): The crystal structure of 

Janus kinase 3 (JAK3) was obtained from the 

Protein Data Bank using PDB ID: 3LXK. JAK3 is 

classified as a transferase (protein kinase),(22) is 

of Homo sapiens origin, and was expressed in 

Spodoptera frugiperda. As a key component of the 

JAK/STAT signaling pathway, JAK3 regulates 

cytokine-mediated immune responses and is an 

important molecular target for developing anti-

rheumatoid arthritis agents.(23) 

2.3. Protein Preparation 
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The crystal structures of TNF-α (PDB ID: 6RMJ) 
and JAK3 (PDB ID: 3LXK) were downloaded 

from the Protein Data Bank (PDB) in PDB format. 

Before molecular docking, the protein structures 

were prepared by removing co-crystallized 

ligands, water molecules, and other non-essential 

heteroatoms. Missing hydrogen atoms were added, 

and the protein structures were optimized to obtain 

suitable receptor conformations for docking 

analysis.(24) The prepared proteins were 

subsequently used for molecular docking to 

evaluate the binding affinity and molecular 

interactions of the selected compounds.(25) 

Crystal structure of human NGR-TNF Crystal structure of protein JAK3 Kinase 

  

Figure 1: Crystal structure of human NGR-TNF, Crystal structure of protein JAK3 Kinase 

2.4. Ligand preparation 

A total of 15 phenolic and flavonoid compounds 

were selected based on their structural diversity 

and reported anti-inflammatory potential, 

identified through an extensive literature survey. 

The two-dimensional (2D) chemical structures 

were drawn using ChemDraw and subsequently 

converted into three-dimensional (3D) structures 

using Open Babel.(26)(27) The generated 3D 

conformations were subjected to geometry 

optimization and energy minimization to obtain 

stable ligand structures suitable for molecular 

docking studies. The optimized ligands were then 

used for subsequent docking analyses against the 

selected target proteins.(28) 

2.5 Molecular Docking 

Docking studies were conducted using the 

SwissDock web server, which uses the Dock DSS 

algorithm to predict binding conformations and 

estimate the free energy of binding.(29) Each 

ligand was docked against both 6RMJ and 3LXK 

to evaluate interaction profiles. The docking 

findings were studied based on Full Fitness and 

Estimated ΔG scores, with lower binding energies 
indicating stronger interactions.(29)(30) 

2.6 ADME Prediction 

The pharmacokinetic properties of the lead 

compound identified through molecular docking 

were evaluated using the SwissADME web server. 

Parameters including absorption, distribution, 

metabolism, excretion, and drug-likeness were 

assessed to predict its pharmacokinetic 

behavior.(31) Physicochemical descriptors such as 

molecular weight, lipophilicity (LogP), 

topological polar surface area (TPSA), water 

solubility, gastrointestinal (GI) absorption, blood–
brain barrier (BBB) permeability, P-glycoprotein 

(P-gp) substrate specificity, cytochrome P450 

(CYP) enzyme inhibition, Lipinski's Rule of Five, 
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bioavailability score, and medicinal chemistry 

parameters were recorded.(32) These predictions 

were used to evaluate the compound's suitability 

as a potential drug candidate.(33) 

2.7. Toxicity Prediction 

The toxicity profile of the lead compound was 

predicted using the ProTox-II web server. Various 

toxicity endpoints, including hepatotoxicity, 

carcinogenicity, mutagenicity, immunotoxicity, 

cytotoxicity, organ toxicity, Tox21 pathway 

analysis, molecular initiating events, and 

cytochrome P450-related toxicity, were 

evaluated.(34) The predicted toxicity data were 

used to assess the safety profile and potential 

toxicological risks of the selected compound 

before further experimental investigations.(35) 

3. RESULT AND DISCUSSION 

In this study, we explored how fifteen small 

molecules interact with TNF-α, a key driver of 
inflammation in rheumatoid arthritis, using 

molecular docking techniques. Our goal was to 

assess their potential as inhibitors that could block 

or weaken this inflammatory signal. 

Among the tested compounds, 2-(1-phenylethyl) 

phenol showed the most promising interaction 

with TNF-α, reflected by its docking score of 
−5.86 kcal/mol, which suggests a strong and stable 

binding. Close behind were 3,4-dimethylphenol 

(−5.83 kcal/mol) and ortho-benzylphenols (-5.77 

kcal/mol), indicating that these molecules may 

also have inhibitory potential. These results 

highlight the importance of small hydrophobic 

groups like methyl or phenylethyl, which seem to 

improve the molecule’s fit within the protein's 
active site. 

On the other hand, some larger or highly polar 

compounds-especially flavonoid-based structures 

didn’t perform as well. Their docking scores were 
generally less favorable, ranging between −2.6 and 
−4.4 kcal/mol. This could be due to their bulkier 

shapes or the presence of multiple hydroxyl 

groups, which may hinder their ability to snugly fit 

into the protein’s binding pocket. 

Interestingly, one compound -4-methyl-2-(1-

phenylethyl) phenol returned an unusually high 

positive docking score (+24.36 kcal/mol), which 

typically indicates a failed interaction or docking 

error. This result was excluded from further 

interpretation. 

Overall, the study suggests that smaller, 

moderately hydrophobic molecules tend to bind 

more effectively with TNF-α. These findings 
provide a useful direction for identifying potential 

anti-inflammatory drug candidates. In particular, 

2-(1-phenylethyl) phenol stands out as a lead 

compound worthy of further investigation through 

ADME and toxicity studies to assess its potential 

as a drug for RA. 

The structural analysis of the docked complexes 

also revealed meaningful insights into how these 

molecules interact with TNF-α at the molecular 
level. Most of the effective ligands formed 

favorable hydrophobic interactions and, in some 

cases, π-π stacking with key amino acid residues 

within the binding site. These interactions are 

essential for stabilizing the ligand-protein complex 

and could help prevent TNF-α from binding to its 
receptor. While hydrogen bonding was observed 

in some cases, it appeared less critical for binding 

affinity in this particular protein context. These 

findings not only support the docking scores but 

also reinforce the relevance of these interactions in 

guiding structure-based drug design. Taken 

together, the results highlight a clear direction for 

selecting and optimizing small-molecule 

inhibitors with desirable pharmacological profiles 

for the management of rheumatoid arthritis. 
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Table 2. showing SwissParam score for different ligands and protein TNF- alpha Human (NGR-TNF: 

6RMJ) 

Sr. No. Compounds SwissParam score 

1 ortho-benzylphenols -5.7776 
2 3,4-dimethylphenol -5.8330 
3 para-cresol -5.3754 
4 2-(1-phenylethyl) phenol -5.8594 
5 2-methyl-6-(1-phenylethyl) phenol -3.2531 
6 4,5-dimethyl-2-(1-phenylethyl) phenol -3.2983 
7 2-chloro-6-(1-phenylethyl) phenol -3.8287 
8 4-ethyl-2-(1-phenylethyl) phenol -4.1521 
9 4-methyl-2-(1-phenylethyl) phenol 24.3638 

10 para-fluorophenol -5.4987 
11 ortho-benzylated phenols -4.4875 
12 3,5,7-trihydroxy-2-(4-hydroxyphenyl)-4H-chromen-4-one or 3,4',5,7-

tetrahydroxyflavone 
-3.3989 

13 3,5,7-Trihydroxy-2-(3,4,5-trihydroxyphenyl)-4H-1-benzopyran-4-one -2.6351 
14 5,7-dihydroxy-2-(4-hydroxyphenyl)-4H-chromen-4-one -3.1233 
15 3',4',5,7-tetrahydroxyflavone -4.4792 

3.1 Comparative Docking Results with 3LXK 

Following the promising interactions observed 

with TNF-α (6RMJ), the same fifteen compounds 
were docked against a second key RA-related 

protein target, 3LXK. This structure represents an 

additional node in the inflammatory signaling 

network, providing a broader perspective on the 

inhibitory potential of the compounds. 

Interestingly, in contrast to the 6RMJ results, 

several flavonoid derivatives performed much 

better with 3LXK. Compounds like 3,5,7-

Trihydroxy-2-(3,4,5-trihydroxyphenyl)-4H-1-

benzopyran-4-one (−7.04 kcal/mol), 3',4',5,7-

tetrahydroxyflavone (−6.93 kcal/mol), and 

3,4',5,7-tetrahydroxyflavone (−6.90 kcal/mol) 
showed significantly improved binding energies 

compared to their previous interactions with TNF-

α. This suggests a more favorable binding pocket 
or interaction mode in 3LXK for polyhydroxylated 

scaffolds. 

Among phenolic derivatives, 4-methyl-2-(1-

phenylethyl) phenol recorded an excellent docking 

score (−6.79 kcal/mol)—a stark contrast to its 

anomalous result with TNF-α. Similarly, 4-ethyl-

2-(1-phenylethyl) phenol (−6.56 kcal/mol) and 

ortho-benzylated phenols (−6.50 kcal/mol) also 

demonstrated strong binding, pointing to a 

consistent potential across both protein targets. 

Notably, the lead compound from the TNF-α 
study, 2-(1-phenylethyl) phenol, also maintained 

solid performance here with a docking score of 

−6.25 kcal/mol, reinforcing its candidacy for 

further optimization. 

Table 3 showing SwissParam score for different ligands and protein 3LXK 

Sr. No. Compounds SwissParam score 

1.  ortho-benzylphenols -6.1609 
2.  3,4-dimethylphenol -5.8027 
3.  para-cresol -5.6925 
4.  2-(1-phenylethyl) phenol -6.2508 
5.  2-methyl-6-(1-phenylethyl) phenol -6.2196 
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6.  4,5-dimethyl-2-(1-phenylethyl) phenol -6.3671 
7.  2-chloro-6-(1-phenylethyl) phenol -6.3280 
8.  4-ethyl-2-(1-phenylethyl) phenol -6.5628 
9.  4-methyl-2-(1-phenylethyl) phenol -6.7965 
10.  para-fluorophenol -5.6429 
11.  ortho-benzylated phenols -6.5039 
12.  3,5,7-trihydroxy-2-(4-hydroxyphenyl)-4H-chromen-4-one or 3,4',5,7-

tetrahydroxyflavone 
-6.9016 

13.  3,5,7-Trihydroxy-2-(3,4,5-trihydroxyphenyl)-4H-1-benzopyran-4-one -7.0449 
14.  5,7-dihydroxy-2-(4-hydroxyphenyl)-4H-chromen-4-one -6.7590 
15.  3',4',5,7-tetrahydroxyflavone -6.9330 

3.1.1. ortho-benzylphenols 

 
Figure 2: Chemical structure of ortho-benzylphenols and ligand parameter (box size and center) for 

target protein 6RMJ 

 
Figure 3 (A) showing protein (Human TLR2:  1FYW)  and ortho-benzylphenols (ligand) interaction and 

(B) binding pockets  along with hydrogen bond ionic interaction, Cation-π interactions, π-stacking 

interactions, hydrophobic contacts, and protein surface 

Table 4 showing SwissParam score for ligand ortho-benzylphenols and protein TNF- alpha Human 

(NGR-TNF: 6RMJ) 

Cluster number Cluster member AC Score SwissParam Score 

1 1 7.249793 -5.7941 
0 1 6.411049 -5.7776 
6 1 9.583450 5.7354 
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8 1 13.341907 -5.6619 
4 1 9.097452 -5.6152 
7 1 10.313780 -5.6127 
3 1 8.321468 -5.4943 
2 1 8.570255 -5.4201 
5 1 9.559076 -5.4348 
9 1 13.792615 -5.3103 

3.1.2. 3,4-dimethylphenol 

 
Figure 4: Chemical structure of 3,4-dimethylphenol and ligand parameter (box size and center) for target 

protein 6RMJ 

 
Figure 5 (A) showing protein (Human TLR2:  1FYW)  and 3,4-dimethylphenol (ligand) interaction and 

(B) binding pockets  along with hydrogen bond ionic interaction, Cation-π interactions, π-stacking 

interactions, hydrophobic contacts, and protein surface 

Table 5 showing SwissParam score for ligand 3,4-dimethylphenol and protein TNF- alpha Human (NGR-

TNF: 6RMJ) 

Cluster No Cluster member AC Score SwissParam Score 

0 1 -8.713091 -5.8330 
1 1 -8.504259 -5.4088 
2 1 -7.670624 -5.7695 
3 1 -7.532294 -5.2936 
4 1 -6.321127 -5.6932 
5 1 -6.027865 -5.1756 
6 1 -5.616909 -5.3171 
7 1 -5.515280 -5.6275 
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8 1 -5.152573 -5.2640 
9 1 -4.877017 -5.6252 

3.1.3 para-cresol 

 
Figure 6 : Chemical structure of para-cresol and ligand parameter (box size and center) for target protein 

6RMJ 

 
Figure 7 (A) showing protein (Human TLR2:  1FYW)  and para-cresol (ligand) interaction and (B) 

binding pockets  along with hydrogen bond ionic interaction Cation-π interactions, π-stacking 

interactions, hydrophobic contacts, and protein surface 

Table 6 showing SwissParam score for ligand para-cresol and protein TNF- alpha Human (NGR-TNF: 

6RMJ) 

Cluster number Cluster member AC Score SwissParam Score 

0.0 1.0 -9.556799 -5.3754 
1.0 1.0 -9.315639 -5.3405 
2.0 1.0 -7.423523 -5.569 
3.0 1.0 -6.698188 -5.1347 
4.0 1.0 -6.394278 -5.5149 
5.0 1.0 -5.783588 -5.493 
6.0 1.0 -5.557225 -5.4512 
7.0 1.0 -4.940185 -5.4375 
8.0 1.0 -4.505643 -4.9206 
9.0 1.0 -3.627285 -4.9448 

3.1.4 2-(1-phenylethyl) phenol 



Ravi Kant Kushwaha, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 8, 1747-1774 | Review 

                 

              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                 1757 | P a g e  

 
Figure 8: Chemical structure of 2-(1-phenylethyl) phenol and ligand parameter (box size and center) for 

target protein 6RMJ 

 
Figure 9 (A) Showing protein (Human TLR2:  1FYW)  and 2-(1-phenylethyl) phenol (ligand) interaction 

and (B) binding pockets  along with hydrogen bond ionic interaction Cation-π interactions, π-stacking 

interactions, and Hydrophobic contacts and protein surface 

Table 7 showing swissParam score for ligand 2-(1-phenylethyl) phenol and protein TNF- alpha Human 

(NGR-TNF: 6RMJ) 

Cluster number Cluster member AC Score SwissParam Score 

0 1 8.055628 -5.8594 
1 1 9.392927 -5.5264 
2 1 9.950115 -5.8586 
3 1 10.661143 -5.5875 
4 1 12.691628 -5.6915 
5 1 12.870985 -5.6611 
6 1 12.871569 -5.4257 
7 1 14.327294 -5.5424 
8 1 14.895088 -5.4273 
9 1 16.799977 -5.3919 

3.1.5 2-methyl-6-(1-phenylethyl) phenol 
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Figure 10: Chemical structure and ligand parameter (box size and center) for 2-methyl-6-(1-phenylethyl) 

phenol 

 
Figure 11 (A) showing protein (Human TLR2:  1FYW)  and 2-methyl-6-(1-phenylethyl) phenol (ligand) 

interaction and (B) binding pockets  along with hydrogen bond ionic interaction Cation-π interactions, π-

stacking interactions, hydrophobic contacts and protein surface 

Table 8 showing swissParam score for ligand 2-methyl-6-(1-phenylethyl) phenol and protein TNF- alpha 

Human (NGR-TNF: 6RMJ) 

Cluster number Cluster member AC Score SwissParam Score 

2.0 1.0 57.726879 -2.9203 
0.0 1.0 49.172745 -3.2531 
8.0 1.0 105.319922 -3.2905 
9.0 1.0 106.786128 -3.33 
7.0 1.0 104.43001 -3.4025 
4.0 1.0 70.738492 -3.4087 
3.0 1.0 58.620039 -3.4195 
5.0 1.0 72.440471 -3.5319 
6.0 1.0 99.444865 -3.5801 
1.0 1.0 55.476893 -3.829 

3.1.6 4,5-dimethyl-2-(1-phenylethyl) phenol 
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Figure 12: Chemical structure and ligand parameter (box size and center) for 4,5-dimethyl-2-(1-

phenylethyl) phenol 

 
Figure 13 (A) showing protein (Human TLR2:  1FYW) and 4,5-dimethyl-2-(1-phenylethyl) phenol (ligand) 

interaction and (B) binding pockets along with hydrogen bond ionic interaction, Cation-π interactions, π-

stacking interactions, hydrophobic contacts, and protein surface 

Table 9 showing swissParam score for ligand 4,5-dimethyl-2-(1-phenylethyl) phenol and protein TNF- 

alpha Human (NGR-TNF: 6RMJ) 

Cluster number Cluster member AC Score SwissParam Score 

0 1 54.212847 -3.2983 
1 1 58.968657 -3.3552 
2 1 65.053271 -2.7736 
3 1 70.83501 -2.6661 
4 1 73.119761 -2.7097 
5 1 79.271097 -1.9243 
6 1 82.446813 -2.1693 
7 1 88.304155 -4.2014 
8 1 91.754751 -2.7869 
9 1 92.004551 -3.9997 

3.1.7 2-chloro-6-(1-phenylethyl) phenol 

 
Figure 14: Chemical structure and ligand parameter (box size and center) for 2-chloro-6-(1-phenylethyl) 

phenol 
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Figure 19 (A) showing protein (Human TLR2:  1FYW) and 2-chloro-6-(1-phenylethyl) phenol (ligand) 

interaction, and (B) binding pockets along with hydrogen bond ionic interaction Cation-π interactions, π-

stacking interactions, hydrophobic contacts, and protein surface. 

Table 10 showing swissParam score for ligand 2-chloro-6-(1-phenylethyl) phenol and protein TNF- alpha 

Human (NGR-TNF: 6RMJ) 

Cluster number Cluster member AC Score SwissParam Score 

0 1 42.332487 -3.8287 
1 1 49.732148 -3.214 
2 1 52.477925 -3.1348 
3 1 54.776524 -3.2208 
4 1 55.609502 -3.5752 
5 1 57.792178 -3.3635 
6 1 69.471346 -4.8191 
7 1 70.151392 -2.523 
8 1 83.122901 -3.6925 
9 1 89.078859 -3.9189 

3.1.8 4-ethyl-2-(1-phenylethyl) phenol 

 
Figure 15: Chemical structure and ligand parameter (box size and center) for 4-ethyl-2-(1-phenylethyl) 

phenol 

 
Figure 16 (A) showing protein (Human TLR2:  1FYW) and 4-ethyl-2-(1-phenylethyl) phenol (ligand) 

interaction, and (B) binding pockets along with hydrogen bond ionic interaction Cation-π interactions, π-

stacking interactions, hydrophobic contacts, and protein surface 
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Table 11 showing swissParam score for ligand 4-ethyl-2-(1-phenylethyl) phenol and protein TNF- alpha 

Human (NGR-TNF: 6RMJ) 

Cluster number Cluster member AC Score SwissParam Score 

0 1 51.493023 -4.1521 
1 1 65.267926 -4.4867 
2 1 70.320117 -3.6466 
3 1 71.345005 -2.4755 
4 1 72.163743 -2.8661 
5 1 72.318154 -3.2541 
6 1 73.181642 -4.2573 
7 1 77.099277 -1.9098 
8 1 82.975355 -3.5944 
9 1 88.564534 -2.2735 

3.1.9 4-methyl-2-(1-phenylethyl) phenol 

 
Figure 17: Chemical structure and ligand parameter (box size and center) for 4-methyl-2-(1-phenylethyl) 

phenol 

 
Figure 18 (A) showing protein (Human TLR2: 1FYW) and 4-methyl-2-(1-phenylethyl) phenol (ligand) 

interaction, and (B) binding pockets along with hydrogen bond ionic interaction Cation-π interactions, π-

stacking interactions, hydrophobic contacts, and protein surface 

Table 12 showing swissParam score for ligand 4-methyl-2-(1-phenylethyl) phenol and protein TNF- alpha 

Human (NGR-TNF: 6RMJ) 

Cluster No Cluster member AC Score SwissParam Score 

0 1 643.477777 24.3638 
1 1 668.455382 24.2305 
2 1 699.840205 26.2609 
3 1 742.438568 28.0442 
4 1 745.285912 22.8377 
5 1 780.591667 24.1875 
6 1 799.615317 29.5397 
7 1 800.495049 30.0234 
8 1 815.103403 24.7583 
9 1 831.827170 29.6598 
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3.1.10 para-fluorophenol 

 
Figure 19 : Chemical structure and ligand parameter (box size and center) for para-fluorophenol 

 
Figure 20 (A) showing protein (Human TLR2:  1FYW) and para-fluorophenol (ligand) interaction and 

(B) binding pockets along with hydrogen bond ionic interaction Cation-π interactions, π-stacking 

interactions, hydrophobic contacts, and protein surface. 

3.1.11 ortho-benzylated phenols 

 
Figure 21: Chemical structure and ligand parameter (box size and center) for ortho-benzylated phenols 

Table 13 showing SwissParam score for ligand para-fluorophenol and protein TNF-alpha Human (NGR-

TNF: 6RMJ) 

Cluster No Cluster member AC Score SwissParam Score 

0 1 -7.251124 -5.4987 

1 1 -6.515236 -5.4904 

2 1 -5.748955 -5.4464 

3 1 -5.349590 -5.3980 

4 1 -4.305113 -5.3506 

5 1 -3.917207 -5.3330 

6 1 -2.382805 -5.1608 

7 1 -1.004561 -4.7552 

8 1 -0.134212 -4.6565 

9 1 0.528482 -4.8531 

 

A B 



Ravi Kant Kushwaha, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 8, 1747-1774 | Review 

                 

              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                 1763 | P a g e  

 
Figure 22 (A) showing protein (Human TLR2:  1FYW) and ortho-benzylated phenols (ligand) interaction, 

and (B) binding pockets along with hydrogen bond ionic interaction, Cation-π interactions, π-stacking 

interactions, and Hydrophobic contacts and protein surface 

Table 14 showing SwissParam score for ligand ortho-benzylated phenols and protein TNF- alpha Human 

(NGR-TNF: 6RMJ) 

Cluster No Cluster member AC Score SwissParam Score 

0 1 33.965757 -4.4875 
1 1 37.470414 -4.4564 
2 1 40.786444 -4.2401 
3 1 44.009324 -4.8929 
4 1 46.020561 -3.5869 
5 1 49.737913 -3.9700 
6 1 50.611223 -4.2753 
7 1 58.686147 -2.6022 
8 1 61.990808 -4.2257 
9 1 69.773614 -3.7539 

3.1.12 3,5,7-trihydroxy-2-(4-hydroxyphenyl)-4H-chromen-4-one or 3,4',5,7-tetrahydroxyflavone 

 
Figure 23: Chemical structure and ligand parameter (box size and center) for 3,5,7-trihydroxy-2-(4-

hydroxyphenyl)-4H-chromen-4-one or 3,4',5,7-tetrahydroxyflavone 

 
Figure 24 (A) showing protein (Human TLR2:  1FYW) and 3,5,7-trihydroxy-2-(4-hydroxyphenyl)-4H-

chromen-4-one or 3,4',5,7-tetrahydroxyflavone (ligand) interaction and (B) binding pockets along with 

hydrogen bond ionic interaction Cation-π interactions, π-stacking interactions, and Hydrophobic contacts 

and protein surface 

  

A B 
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Table 15 showing swissParam score for ligand 3,5,7-trihydroxy-2-(4-hydroxyphenyl)-4H-chromen-4-one 

or 3,4',5,7-tetrahydroxyflavone and protein TNF- alpha Human (NGR-TNF: 6RMJ) 

Cluster No Cluster member AC Score SwissParam Score 

0 1 86.095814 -3.3989 
1 1 92.569688 -2.5853 
2 1 96.058966 -3.8817 
3 1 101.913112 -4.7263 
4 1 105.301178 -2.9073 
5 1 106.610647 -2.6551 
6 1 107.467381 -3.3174 
7 1 113.244303 -2.3824 
8 1 113.759793 -2.3417 
9 1 118.283537 -3.7444 

3.1.13 3,5,7-Trihydroxy-2-(3,4,5-trihydroxyphenyl)-4H-1-benzopyran-4-one 

 
Figure 25: Chemical structure and ligand parameter (box size and center) for 3,5,7-Trihydroxy-2-(3,4,5-

trihydroxyphenyl)-4H-1-benzopyran-4-one 

 
Figure 26 (A) showing protein (Human TLR2:  1FYW) and 3,5,7-Trihydroxy-2-(3,4,5-trihydroxyphenyl)-

4H-1-benzopyran-4-one (ligand) interaction and (B) binding pockets  along with hydrogen bond ionic 

interaction Cation-π interactions, π-stacking interactions, and Hydrophobic contacts and protein surface 

Table 16 showing swissParam score for ligand 3,5,7-Trihydroxy-2-(3,4,5-trihydroxyphenyl)-4H-1-

benzopyran-4-one and protein TNF- alpha Human (NGR-TNF: 6RMJ) 

Cluster No Cluster member AC Score SwissParam Score 

0 1 127.597646 -2.6351 
1 1 127.988003 -1.4989 
2 1 128.230366 -1.7275 
3 1 130.389203 -2.6720 
4 1 136.344770 -3.4700 
5 1 144.701972 -1.4839 
6 1 146.035761 -1.9267 
7 1 146.243122 -1.8097 
8 1 146.922378 -2.8857 
9 1 152.504649 -2.3868 

  

A B 
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3.1.14 5,7-dihydroxy-2-(4-hydroxyphenyl)-4H-chromen-4-one 

 
Figure 27 : Chemical structure and ligand parameter (box size and center) for 5,7-dihydroxy-2-(4-

hydroxyphenyl)-4H-chromen-4-one 

 
Figure 28 (A) showing protein (Human TLR2:  1FYW) and 5,7-dihydroxy-2-(4-hydroxyphenyl)-4H-

chromen-4-one (ligand) interaction and (B) binding pockets  along with hydrogen bond ionic interaction 

Cation-π interactions, π-stacking interactions, hydrophobic contacts, and protein surface 

Table 17 showing swissParam score for ligand 5,7-dihydroxy-2-(4-hydroxyphenyl)-4H-chromen-4-one and 

protein TNF- alpha Human (NGR-TNF: 6RMJ) 

Cluster No Cluster member AC Score SwissParam Score 

0 1 63.024515 -3.1233 
1 1 66.765651 -5.3842 
2 1 69.578492 -3.4218 
3 1 73.632933 -2.8670 
4 1 75.139970 -4.0962 
5 1 75.362864 -3.2137 
6 1 80.074656 -4.8681 
7 1 80.923665 -3.6588 
8 1 83.391234 -4.1676 
9 1 93.277709 -3.0678 

3.1.15 3',4',5,7-tetrahydroxyflavone 

 
Figure 29: Chemical structure and ligand parameter (box size and center) for 3',4',5,7-

tetrahydroxyflavone 

  

A B 
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Figure 30 (A) showing protein (Human TLR2:  1FYW) and 3',4',5,7-tetrahydroxyflavone (ligand) 

interaction and (B) binding pockets along with hydrogen bond ionic interaction, Cation-π interactions, π-

stacking interactions, hydrophobic contacts, and protein surface 

Table 18 showing SwissParam score for ligand 3',4',5,7-tetrahydroxyflavone and protein TNF- alpha 

Human (NGR-TNF: 6RMJ) 

Cluster No Cluster member AC Score SwissParam Score 

0 1 79.697162 -4.4792 
1 1 95.399546 -2.8890 
2 1 96.363064 -2.8291 
3 1 96.545885 -2.1009 
4 1 99.776355 -3.2367 
5 1 102.024362 -2.9480 
6 1 114.062295 -1.2139 
7 1 117.027907 -1.7194 
8 1 117.474511 -2.3601 
9 1 119.388843 -2.2041 

3.2 ADME Profiling Prediction:  

To evaluate the drug-likeness and 

pharmacokinetic feasibility of the top-performing 

compound, a detailed ADME analysis was carried 

out using SwissADME. The selected molecule 

(3,5,7-Trihydroxy-2-(3,4,5-trihydroxyphenyl)-

4H-1-benzopyran-4-one), with a molecular weight 

of 318.24 g/mol, falls within an acceptable range 

for oral bioavailability. However, its topological 

polar surface area (TPSA) of 151.59 Å² is 

relatively high, which often correlates with limited 

passive absorption—a trend reflected in its 

predicted low gastrointestinal (GI) absorption. 

In terms of lipophilicity, the compound exhibits a 

moderate consensus LogP value of 0.79, 

suggesting a balanced hydrophilic-lipophilic 

profile. This can be beneficial for systemic 

circulation, although the moderate to low 

predicted skin permeation (Log Kp −7.40 cm/s) 
indicates minimal transdermal potential. Notably, 

the compound is predicted not to cross the blood-

brain barrier, which is advantageous for targeting 

peripheral inflammatory conditions like 

rheumatoid arthritis, as CNS side effects are 

minimized. 

The compound shows favorable water solubility, 

with all three predictive models (ESOL, Ali, and 

SILICOS-IT) placing it in the “soluble” category. 

This supports its potential for formulation in 

aqueous-based delivery systems. From a metabolic 

standpoint, the molecule is not a substrate for P-

glycoprotein (P-gp), minimizing the risk of efflux-

related resistance. However, it may act as an 

inhibitor of CYP1A2 and CYP3A4, suggesting 

  

A B 
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that caution is needed when co-administered with 

drugs metabolized by these enzymes. 

From a drug-likeness perspective, the compound 

adheres to Lipinski’s Rule of Five with a single 

violation (due to its higher number of hydrogen 

bond donors). It also passes Ghose's filter but fails 

the Veber, Egan, and Muegge rules, largely due to 

its high polarity and hydrogen bonding potential. 

These features, while possibly reducing oral 

bioavailability, may enhance target specificity in 

inflammatory conditions. 

The bioavailability score of 0.55 suggests 

moderate systemic exposure if administered 

orally. Medicinal chemistry filters flagged 

catechol substructures via both PAINS and Brenk 

alerts, which are known to sometimes produce 

false positives in bioassays. Despite this, the 

compound’s synthetic accessibility score of 3.27 

indicates a reasonable path toward chemical 

synthesis and future optimization. 

Overall, while some limitations exist—
particularly in terms of permeability and enzyme 

inhibition—this compound presents a structurally 

promising lead for further refinement, especially 

as a selective, non-CNS-active JAK3 inhibitor in 

rheumatoid arthritis therapy. 

 
Figure 31: The color zone is suitable physiochemical space for oral bioavailability 

Table 19: ADME profile of selected ligand 2-(1-phenylethyl) phenol showing Physicochemical character, 

Water Solubility, Lipophilicity, Pharmacokinetics, Druglikeness, 

Physicochemical Properties 

Formula C15H10O8 
Molecular wt 318.24 g/mol 

Aromatic heavy atoms 16 
Fraction Csp3 0.00 
heavy atoms 23 

Rotatable bonds 1 
Molar Refractivity 80.06 
H-bond acceptors 8 

H-bond donors 6 
TPSA 151.59 Å² 

Lipophilicity 

Log Po/w (iLOGP) 1.08 
Water Solubility 

Log S (ESOL) -3.01 
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Solubility 3.14e-01 mg/ml; 9.88e-04 mol/l 
Class Soluble 

Log S (Ali) -3.96 
Solubility 3.50e-02 mg/ml; 1.10e-04 mol/l 

Class Soluble 
Log S (SILICOS-IT) -2.66 

Solubility 6.98e-01 mg/ml; 2.19e-03 mol/l 
Class Soluble 

Pharmacokinetics 

Gastrointestinal absorption Low 
BBB permeation No 

P-gp substrate No 
CYP1A2 inhibitor Yes 
CYP2C19 inhibitor No 
CYP2C9 inhibitor No 
CYP2D6 inhibitor No 
CYP3A4 inhibitor Yes 

Log Kp (skin permeation) -7.40 cm/s 
Druglikeness 

Lipinski Yes; 1 violation: NHorOH>5 
Ghose Yes 
Veber No; 1 violation: TPSA>140 
Egan No; 1 violation: TPSA>131.6 

Muegge No; 2 violations: TPSA>150, H-don>5 
Bioavailability Score 0.55 

Medicinal Chemistry 

PAINS 1 alert: catechol_A 
Brenk 1 alert: catechol 

Leadlikeness Yes 
Synthetic accessibility 3.27 

3.3 Toxicity Assessment of the Selected 

Molecule 

To assess the safety and toxicological profile of the 

lead compound identified through docking—
(3,5,7-Trihydroxy-2-(3,4,5-trihydroxyphenyl)-4H-

1-benzopyran-4-one)—we conducted a detailed 

prediction using the ProTox-II server. This 

flavonoid-based molecule, structurally 

characterized by multiple hydroxyl groups and a 

polyphenolic backbone, showed a mixed toxicity 

profile with some areas of concern and others 

indicating acceptable safety. 

From an organ toxicity standpoint, the molecule 

was predicted to be non-hepatotoxic (probability: 

0.69) and non-neurotoxic (0.89), suggesting 

minimal risk to liver and nervous system tissues. 

However, nephrotoxicity (0.62) and respiratory 

toxicity (0.83) were flagged as potential issues. 

These findings imply a need for focused 

investigation on renal and pulmonary safety, 

particularly in chronic administration scenarios. 

The model also indicated possible carcinogenic 

(0.68) and mutagenic (0.51) tendencies, which 

may be attributed to its polyhydroxylated 

structure. These alerts do not confirm genotoxicity 

but suggest that the molecule may influence 

pathways associated with genomic instability, 

warranting further experimental assessment. 
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Importantly, cytotoxicity and immunotoxicity 

risks were low, with respective probabilities of 

0.99 and 0.86 for inactivity. This indicates a 

reduced likelihood of inducing general cell 

damage or compromising immune function, 

reinforcing the compound’s potential viability 
from a systemic toxicity standpoint. 

In terms of molecular initiating events and 

receptor signaling: 

• The compound was predicted to activate the 

aryl hydrocarbon receptor (AhR, 0.91) and 

both estrogen receptor alpha (ER, 0.87) and its 

ligand binding domain (ER-LBD, 0.95). 

These interactions suggest a potential for 

endocrine disruption, which could be 

problematic with prolonged exposure. 

• On the other hand, no significant interaction 

was predicted for androgen receptors or 

PPARγ, which may limit broader hormonal 
side effects. 

From a stress response perspective, activation of 

mitochondrial membrane potential (MMP) was 

observed (1.0), raising concerns about 

mitochondrial health and cellular respiration under 

drug exposure. However, the compound showed 

no significant activity on the p53 tumor suppressor 

or other key stress pathways like ATAD5, HSE, or 

IS, reducing concern for widespread oxidative or 

genotoxic stress. 

Regarding metabolic enzyme interaction, the 

molecule showed potential to reduce crucial 

CYPP450 enzymes such as CYP1A2 (1.0), 

CYP2C19 (0.77), and CYP2C9 (0.99). This may 

imply a risk of drug-drug interactions, particularly 

when co-administered with other substrates 

metabolized via these pathways. However, it was 

predicted inactive against CYP3A4, CYP2D6, and 

CYP2E1, indicating selectivity in its metabolic 

impact. 

 
Figure 32: Oral toxicity prediction results for input compound 
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Figure 33: Comparison of input compound with dataset compounds 

 
Figure 34: The toxicity radar chart is to depict the confidence of positive toxicity findings. 

Table 20: Toxicity Model Report 

Classification Target Prediction Probability 

Organ toxicity  Liver  toxicity -- 0.69 
Brain  toxicity -- 0.89 

Kidney  toxicity ++ 0.62 
Respiratory  toxicity ++ 0.83 

heart toxicity -- 0.99 
Toxicity end points  Carcinogenicity ++ 0.68 

Immunotoxicity -- 0.86 
Mutagenicity ++ 0.51 
Cytotoxicity -- 0.99 
BBB-barrier ++ 0.53 
Ecotoxicity -- 0.53 

Clinical toxicity 0.53 
Nutritional toxicity ++ 0.63 

Tox21-Nuclear 
receptor signalling 

pathways  

Aryl hydrocarbon Receptor (AhR) ++ 0.91 
Androgen Receptor (AR) -- 0.99 

Androgen Receptor Ligand Binding Domain (AR-LBD) 0.97 
Aromatase 0.91 

Estrogen Receptor Alpha  ++ 0.87 
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Estrogen Receptor Ligand Binding Domain (ER-LBD) 0.95 
Peroxisome Proliferator Activated Receptor Gamma  -- 0.98 

Nuclear factor (erythroid-derived 2)-like 2/antioxidant 
responsive element (nrf2/ARE) 

0.99 

Heat shock factor response element  0.99 
Mitochondrial Membrane Potential  ++ 1.0 

Phosphoprotein (Tumor Supressor) p53 -- 0.97 
ATPase family AAA domain-containing protein 5  0.99 

Molecular 
Initiating Events 

Thyroid hormone receptor alpha  0.90 
Thyroid hormone receptor beta  0.78 

Transtyretrin  0.97 
Ryanodine receptor  0.98 

GABA receptor  --  0.96 
Glutamate N-methyl-D-aspartate receptor  0.92 

alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionate 
receptor  

0.97 

Kainate receptor  0.99 
Achetylcholinesterase  -- 0.69 

Constitutive androstane receptor  -- 0.98 
Pregnane X receptor  0.92 

NADH-quinone oxidoreductase  0.97 
Voltage gated sodium channel  0.95 

Na+/I- symporter (NIS) 0.98 
Metabolism  CYP1A2 ++  1.0 

CYP2C19 0.77 
CYP2C9 0.99 
CYP2D6 -- 0.85 
CYP3A4 0.79 
CYP2E1 1.0 

++ denoted active, --denoted as inactive 

 
Figure 35. The network chart to illustrate the connection between the selected compound and predicted 

activities
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4. CONCLUSION 

In this study, we explored the potential of selected 

small molecules as inhibitors of key inflammatory 

targets involved in rheumatoid arthritis, 

specifically TNF-α and JAK3. Using molecular 
docking techniques, we were able to identify 

several compounds with strong binding affinity, 

suggesting their ability to interfere with 

inflammatory signaling. Among them, 2-(1-

phenylethyl) phenol emerged as a consistently 

high performer across both targets, while 

flavonoid-based compounds showed particular 

promise in binding effectively to JAK3. To 

complement the docking results, we carried out 

ADME and toxicity predictions. These analyses 

provided insight into the pharmacokinetic 

behavior and safety profiles of the top candidates. 

While a few compounds presented limitations such 

as low predicted oral absorption or potential 

enzyme inhibition, most showed favorable drug-

likeness, solubility, and synthetic accessibility. 

These findings indicate that the identified 

molecules hold promise as leads for further 

development. Altogether, this work lays a solid 

computational foundation for the design of novel 

anti-inflammatory agents for rheumatoid arthritis. 

The results justify advancing the most promising 

compounds to experimental validation and 

structural optimization for future therapeutic use.  
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