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ABSTRACT
Background: This study explores Tofacitinib’s interaction with Janus kinase 1 (JAK1), crucial for its therapeutic potential in 
autoimmune disorders like rheumatoid arthritis (RA). Through molecular docking and molecular dynamics (MD) simulations, 
we identified strong binding affinity between Tofacitinib and JAK1, with a binding energy of -7.7 kcal/mol, stabilized by 
hydrogen bonds, hydrophobic interactions, and van der Waals forces within the ATP-binding pocket. The binding conformation 
remained stable over 100 nanoseconds of MD simulation, with RMSD values between 1.5 to 2.5 Å, confirming the drug's 
selectivity and minimal off-target effects. Binding free energy calculations (MM/GBSA) further validated this interaction, 
showing a favorable energy of -30.2 kcal/mol, driven primarily by hydrophobic and electrostatic forces. These findings 
are consistent with existing literature, showing that Tofacitinib works well as a JAK1 blocker. Clinically, the stability and 
selectivity of Tofacitinib’s binding to JAK1 indicate its potential to improve treatment options for autoimmune diseases by 
enhancing therapeutic efficacy and reducing off-target effects, which could lead to more tailored and safer treatment strategies. 
The study provides a basis for future exploration of Tofacitinib’s interactions with other JAK isoforms and the development of 
next-generation JAK inhibitors with enhanced efficacy and safety.
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INTRODUCTION                                                                   

Immune-mediated diseases encompass a broad array of 
conditions characterized by dysregulation of the immune 
system, leading to chronic inflammation and resultant 
damage to multiple organs and tissues. These diseases 
include rheumatoid arthritis (RA), inflammatory bowel 
disease (IBD), psoriasis, psoriatic arthritis (PsA), atopic 
dermatitis, and alopecia areata (AA), all of which share a 
common feature of immune dysfunction while presenting 
unique pathologies[1]. Historically, treatment options for 
these conditions have relied heavily on corticosteroids, 
disease-modifying antirheumatic drugs (DMARDs), and 
biologic agents. Corticosteroids, such as prednisone, 
are potent anti-inflammatory agents that have been used 
for decades to manage symptoms of inflammation and 
autoimmunity[2]. Although corticosteroids like prednisone 
are widely used for symptom management, their long-
term use is associated with serious side effects such as 
osteoporosis, hypertension, and hyperglycemia[3].

DMARDs, including methotrexate and sulfasalazine, 
function by modulating the immune response to 
slow disease progression and reduce joint damage[4]. 
Additionally, DMARDs, while effective in slowing disease 
progression, may result in gastrointestinal disturbances 
and liver toxicity[5]. Biologic agents, such as tumour 
necrosis factor (TNF) inhibitors and interleukin-6 (IL-
6) receptor antagonists, have further revolutionized the 
treatment landscape by specifically targeting cytokines 
involved in the inflammatory process[4, 6]. However, even 
biologic agents have their limitations, with up to 30% of 
patients failing to respond adequately to TNF inhibitors, 
as highlighted in recent clinical guidelines[7]. Furthermore, 
biologic treatments may increase the risk of infections, 
including tuberculosis and opportunistic pathogens[7].

The introduction of Janus kinase (JAK) inhibitors 
represents a significant advancement in the therapeutic 
management of immune-mediated diseases. JAK 
inhibitors, such as tofacitinib, ruxolitinib, and baricitinib, 
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have emerged as novel treatment options that target 
specific signalling pathways involved in the inflammatory 
response[8]. These small molecules interfere with the 
activity of Janus kinases, which are crucial for the signalling 
of various cytokines involved in immune regulation[9]. The 
pathophysiology of immune-mediated diseases is often 
characterized by a complex interplay of extracellular 
and intracellular mechanisms, involving a diverse array 
of enzymes, receptors, and chemical mediators[10]. This 
intricate network of interactions has made inflammation 
and pain a major focus of research aimed at developing 
innovative pharmacological treatments[10].

Currently, nonsteroidal anti-inflammatory drugs 
(NSAIDs), corticosteroids, and opioids are among 
the most commonly used medications in managing 
inflammatory conditions[11]. Despite their efficacy, these 
drugs have limitations, including potential for misuse and 
adverse effects, which underscores the need for alternative 
treatment strategies. Despite the introduction of biologic 
therapies, approximately 30–50% of patients with RA 
do not achieve adequate clinical response, as evidenced 
by recent meta-analyses[12]. Chronic inflammatory states, 
in particular, present substantial challenges and often 
intersect with autoimmune diseases and cancer[11, 13]. The 
convergence of inflammatory pathways in these diseases 
highlights the potential for off-label drug repurposing and 
the development of multitarget therapeutic strategies.

Janus kinases (JAKs) are a family of protein tyrosine 
kinases (PTKs) that include JAK1, JAK2, JAK3, and 
Tyrosine Kinase 2 (TYK2)[14]. These kinases play a pivotal 
role in the signalling pathways of various cytokines, 
including interleukins, interferons, and hormones, by 
modulating the activation of signal transducer and activator 
of transcription (STAT) proteins[15]. JAKs are positioned 
at the top of signalling cascades that regulate numerous 
transcriptional processes critical for immune response 
and inflammation[15]. Cytokines, which are low molecular 
weight polypeptide growth factors (approximately 30 
kDa), are integral to inflammatory responses and exert 
their effects by binding to extracellular domains of specific 
receptor superfamilies, thus triggering downstream 
signalling cascades[1, 16]. These cytokines are essential 
for numerous physiological functions, including cell 
growth regulation, innate and adaptive immunity, and the 
pathogenesis of various human diseases[17].

JAK1 and JAK3 are particularly important in the 
signalling pathways of several cytokines, including 
interleukins IL-2, IL-4, IL-7, IL-9, IL-15, and IL-21, 
which are crucial for T cell development, activation, and 
homeostasis[18,19]. JAK1, which is widely expressed across 
various tissues, plays a critical role in modulating IL-6 
and gp130 cytokine signalling and is essential for CD4+ T 

cell expansion, differentiation, and memory formation[20]. 
Contrast, JAK3 is predominantly expressed in lymphoid 
tissues and primarily regulates lymphoid development and 
function within the immune. Both kinases are central to 
the signalling pathways related to T cell biology and have 
been the focus of significant research in the context of 
autoimmune and inflammatory diseases[14].

Recent advancements in our understanding of JAK 
signalling pathways have led to increased interest in JAK 
inhibitors and their potential therapeutic applications[21]. 
Since the approval of ruxolitinib for rheumatoid arthritis 
(RA) in 2011, the field of JAK inhibitors has expanded 
considerably, with new agents such as tofacitinib and 
baricitinib gaining prominence[22]. The development of 
these inhibitors has provided new insights into the role 
of JAKs in immune regulation and has spurred extensive 
research into their efficacy and safety profiles. This 
growing focus has prompted pharmaceutical companies to 
invest in further research and development of more efficient 
production strategies for JAK inhibitors. The complex 
pathogenesis of immune-mediated diseases necessitates 
a multifaceted therapeutic approach, and the introduction 
of JAK inhibitors represents a significant advancement 
in the management of these conditions[7]. Rheumatoid 
arthritis is a chronic autoimmune disorder characterized 
by progressive disability and a rising global burden in 
terms of both morbidity and mortality[23]. Current estimates 
suggest that up to 1% of the global population is affected 
by Rheumatoid arthritis, highlighting the significant impact 
of this disease[24, 25]. The substantial clinical and economic 
impacts underscore the need for ongoing research into 
more effective therapeutic interventions to improve patient 
outcomes. Notably, a significant percentage of patients 
exhibit inadequate responses to standard treatments, with 
up to 50% of those receiving biologic therapies failing 
to achieve the desired clinical improvement as per the 
American College of Rheumatology (ACR) criteria[26]. 
Tofacitinib, the first oral JAK inhibitor approved for the 
treatment of RA, represents a significant advancement 
in RA management. Its efficacy and safety have been 
validated through extensive research, including Phase 2 
and Phase 3 randomized controlled trials (RCTs)[27].

In genome-wide association studies (GWAS) of single 
nucleotide polymorphisms (SNPs) in patients with RA, 
the HLA-DRB1 gene has shown the strongest association 
among disease-susceptibility genes, which also include 
PTPN22, CTLA4, and STAT4[28]. HLA-DRB1 alleles 
encode protein chains containing the shared epitope motif, 
which is linked to the production of anti-citrullinated protein 
antibodies (ACPAs)[29]. Although specific autoantigens in 
RA have not yet been identified, the interplay between 
genetic predispositions and environmental factors, such 
as the citrullination of extracellular matrix proteins like 
filaggrin and fibrinogen, triggers autoimmunity in RA[30]. 
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This process occurs through epigenetic modifications 
and conformational changes that undermine immune 
tolerance to self-antigens. As a consequence, autoreactive 
T cells and B cells infiltrate the synovial tissue, promoting 
angiogenesis, vasodilation, and the proliferation of 
synovial cells[31]. The differentiation of naive T cells into 
various subsets, including TH1, TH17, TFH, and TPH 
cells, along with the activation of B cells, contributes to the 
formation of lymphoid-follicle-like and germinal-centre-
like structures within the synovium. These structures foster 
the production of autoantibodies, leading to excessive 
production of pro-inflammatory cytokines that drive the 
pathogenesis of RA.

Experimental animal models, such as the SCID-HuRAg 
model, have been used to study RA pathogenesis and 
evaluate the efficacy of JAK inhibitors[32]. Tofacitinib also 
directly inhibited the production of IL-17 and interferon-
gamma (IFNγ), as well as the proliferation of CD4+ T cells, 
further suppressing cartilage destruction[33]. These findings 
underscore the critical role of JAK signalling in mediating 
synovial inflammation and highlight the potential of JAK 
inhibitors in managing RA.

Autoimmune inflammatory diseases like RA and 
ulcerative colitis are characterized by excessive cytokine 
production, which drives the intense inflammatory responses 
observed in these conditions[33, 34]. Current treatments target 
cytokine receptors, particularly those in the JAK protein 
family. Tofacitinib, a recently approved JAK inhibitor 
for RA, was analysed using quantum biochemistry to 
elucidate the interactions between JAK1 and tofacitinib[35]. 
This study used computer techniques to understand how 
tofacitinib attaches to JAK1. We found important amino 
acids that help this binding happen. Knowing where and 
how tofacitinib connects to JAK1 helps us understand how 
it works to treat autoimmune diseases. Reporting studies 
have highlighted various stabilizing interactions, including 
van der Waals forces, hydrogen bonds, and alkyl, pi–alkyl, 
and pi–sulphur interactions. The computational results 
indicated that tofacitinib demonstrates strong affinity for 
JAK1, as evidenced by the interaction energies. Molecular 
docking analyses and molecular dynamics simulations 
further investigated the binding of tofacitinib to JAK1 
in the context of RA, providing valuable evidence and a 
framework for designing and developing new compounds 
with potential therapeutic benefits for RA.

Methodology

Molecular Docking

To investigate the binding interaction between 
Tofacitinib and Janus kinase, we utilized the protein 

structure with PDB ID: 3EYG. The protein was obtained 
from the Protein Data Bank, with water molecules and 
other extraneous elements removed. The structure of 
Janus kinase was minimized using Chimera software to 
optimize its geometry. Ligand energy minimization and 
grid selection for docking were performed using AutoDock 
Vina software. This setup allowed us to evaluate the 
binding affinity of Tofacitinib to Janus kinase.

Molecular Dynamics Simulation

Molecular dynamics (MD) simulations were conducted 
using Desmond software to examine the stability and 
behaviour of the Tofacitinib-Janus kinase complex in a 
physiological context. The simulation was carried out for 
100 nanoseconds (ns). The initial docking results were 
used to analyse binding interactions. The complex was 
pre-processed, refined, and optimized with Maestro's 
Protein Preparation Wizard. The simulation setup involved 
minimizing the system's energy using the system builder 
model. The TIP3P solvent model and OPLS_2005 force 
field were employed, with 0.15 M sodium chloride added 
to replicate physiological conditions. An excluded volume 
of 20 Å was used. The simulation trajectory was recorded 
every 100 picoseconds (ps).

Binding Energy Calculation

Binding energies were determined using the MMGBSA 
(Molecular Mechanics Generalized Born Surface Area) 
method. It is a method for estimating the binding free 
energy of a ligand to a receptor, this involved calculating 
the binding free energy of the Tofacitinib-Janus kinase 
complex and analysing various non-bonded interaction 
energies. The binding energy data obtained from MD 
simulation trajectories were compared with docking results 
to validate the findings.

Toxicity Evaluation

Following an extensive assessment of the docking 
results, the drug-likeness and toxicity profiles were  
evaluated using the pkCSM, ProTox-II, and SwissADME 
platforms. These tools are invaluable for calculating 
critical drug-like properties, including absorption, 
distribution, metabolism, excretion, and toxicity 
(ADMET). Additionally, they offer reliable predictions 
regarding lead-likeness, particularly concerning 
mutagenic and carcinogenic potential.
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ETHICAL CONSIDERATION                                                      

This study does not involve human participants or 
animals. As it is based solely on computational analysis, 
ethical approval was not required.

RESULTS                                                                                           

Molecular Docking

The molecular docking study aimed to elucidate the 
binding interactions between Tofacitinib and the Janus 
kinase protein, crucial for understanding the drug's 
mechanism of action. The Janus kinase protein structure, 
identified by Protein Data Bank (PDB) entry 3EYG, was 
used as the target in our investigation. Initially, the PDB 
structure included water molecules and other extraneous 
elements that were not relevant for the docking study. 
These were meticulously removed to prepare a clean and 
accurate model of Janus kinase. Following the removal of 
non-essential elements, the protein structure underwent 
energy minimization using Chimera. This step was critical 
to optimize the protein’s conformation, reducing any 
steric clashes and ensuring that the protein structure was 
in its most stable state for subsequent docking studies. 
Tofacitinib, the ligand of interest in this study, was also 
subjected to energy minimization to refine its geometric 
and energetic properties. This optimization ensured 
that the ligand's conformation was suitable for accurate 
docking simulations. The preparation involved adjusting 
the ligand’s geometry to its lowest energy state, which is 
crucial for reliable docking results. Grid dimensions for 
the docking simulations were defined using AutoDock 
Vina software. The selection of grid parameters is a 
crucial aspect of docking studies, as it determines the 
spatial area around the protein where the ligand would be 

analyzed for potential binding interactions. The docking 
results revealed a binding affinity score of -7.7 kcal/mol 
for Tofacitinib with Janus kinase. This score indicates the 
strength of the binding interaction, with more negative 
values corresponding to higher binding affinities. A 
binding affinity of -7.7 kcal/mol suggests that Tofacitinib 
binds relatively strongly to the Janus kinase protein, which 
is indicative of a favorable interaction. The docking results 
were further analyzed to understand the specific interactions 
between Tofacitinib and Janus kinase. The ligand-protein 
interaction was examined in detail to identify key binding 
sites and interaction patterns. The analysis included the 
identification of critical amino acid residues in Janus 
kinase that are involved in the binding with Tofacitinib. 
These interactions are likely to contribute to the stability 
of the ligand-protein complex. Additionally, the docking 
study provided insights into the nature of the chemical 
interactions, such as hydrogen bonding, hydrophobic 
interactions, and van der Waals forces, that facilitate the 
binding of Tofacitinib to Janus kinase. Understanding 
these interactions helps in elucidating the mechanism of 
action of Tofacitinib and its potential therapeutic efficacy.

The comprehensive molecular docking study 
significantly enhances our understanding of the binding 
mechanisms of Tofacitinib with Janus kinase. The binding 
affinity score of -7.7 kcal/mol indicates a strong interaction 
between the ligand and the protein, supporting the potential 
efficacy of Tofacitinib as a therapeutic agent targeting Janus 
kinase. These findings contribute valuable information 
to the field of drug design and development, particularly 
in the context of targeting Janus kinase with Tofacitinib. 
The insights gained from this study may guide further 
experimental validation and optimization of Tofacitinib, 
as well as the development of other similar therapeutic 
agents. Overall, the results of this study underscore the 
importance of molecular docking in understanding drug-
protein interactions and provide a foundation for future 
research aimed at exploring and enhancing the therapeutic 
potential of Tofacitinib.

Fig. 1 : Tofacitinib’s two-dimensional interaction with the protein target displaying every kind of connection.
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Molecular Dynamics Simulation

Desmond software ran a molecular dynamic simulation 
at 100 ns to examine the behavior and stability of the 
complex in a physiological-chemical context[36]. The initial 
docking results provided binding interaction analyses in 
both static and stiff modes, and the MD simulation process 
over the simulation period revealed binding and further 
interaction analyses in a physiochemical environment[37]. 
This complex was used for the simulation. Preprocess, 
refine, and optimize the complex using Maestro's Protein 

Preparation Wizard. The complex was set up and the 
energy required to run the simulation was reduced using 
the system builder model[38, 39]. TIP3P (Intermolecular 
Interaction Potential 3 Points Transferable) solvent model 
was used with OPLS_2005 force file. 0.15 M sodium 
chloride was added with ions to counteract the system and 
prohibit interactions between the protein and ligand during 
the simulation in order to replicate the environment. The 
excluded region measured 20 Angstroms. The simulation's 
trajectory at 100 ns is saved every 100 ps[40]. The frames 
from the MD trajectory following the simulation. Once 
equation 1 was applied to the computation of free energy,

dGbind = Gcomplex – (Gprotein + Gligand)

Fig. 2: The RMSD value of Tofacitinib-3eyg complex.

The C-alpha atoms of ligand-bound proteins' RMSD 
values vary with time, as seen in (Figure 2). 

The RMSD image shows that the proteins in the 2C 
complex showed stability form initial of simulation. RMSD 
is a crucial metric in molecular dynamics simulations for 
evaluating the stability and dynamics of protein-ligand 
complexes. The complex Tofacitinib-3eyg have stable 

position at 20ns after that showed variation due secondary 
structure of protein at 70ns. After that gained stability till 
100ns and remained stable at the end simulation within 
1.0 Angstrom. The Tofacitinib ligand showed stability to 
3eyg protein till 20ns from starting. And have changes 
from nearly 20ns to 70ns duration. The time frame 70ns 
to end of period (100ns) the ligand remained tightly bound 
to protein[40].  
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RMSF quantifies each residue's flexibility or mobility 
within the protein structure. By looking at the RMSF plot, 
we can discover more about the movements and durability 
of the protein-ligand complex. It is evident from examining 
the RMSF plot in plot 3 that some residues have higher 
peaks than others. These peaks show the regions of the 
protein that move or vary a lot throughout the simulation. 
It is important to remember that the residues with larger 
peaks are typically located in the loop regions of the N 

and C termini of proteins. Compared to more ordered 
secondary structure elements like alpha helices and beta 
sheets, loops in protein structures typically exhibit higher 
flexibility and mobility. Comparably, the N and C-terminal 
regions of the protein chain can exhibit more flexibility 
due to their closeness to the solvent environment. The 
ligand bound to protein (3eyg) have specific green color in 
figure of RMSF[41].  

Fig. 3: The protein Tofacitinib-3eyg complex RMSF value.

Fig. 4: The SSE elements during simulation time distribution.

The study revealed that helices made up 26.05 percent 
of the Tofacitinib-3eyg complex’s secondary structure, 
exposing regions of the protein that take on an alpha-
helical form. In contrast, strands made up 13.51 percent 
of the total and indicated regions having a beta-sheet or 
beta-strand shape. The overall protein-ligand complex 
consisted of 39.56 percent secondary structural elements.  
The ordering of secondary structural components provides 
insight into the conformational characteristics and stability 

of protein-ligand complexes[42]. The percentage of helices to 
strands reveals the secondary structural motifs and folding 
mechanisms of proteins when they are bound to their 
ligands. The complexes' overall stability and usefulness are 
determined by these structural characteristics. Examining 
the distribution of secondary structural components 
can provide insights into the kinetics and structural 
characteristics of Tofacitinib-3eyg interactions[43]. 
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Table 1: Free binding energy Tofacitinib-3eyg complex of during simulation.

Complex dGbind dGbLipo dGbvdW dGbHbond dGbPacking

Tofacitinib-3eyg -32.40672257 -9.65481271 -29.80734372 -1.136106188 -0.092980665

To determine the binding energies of protein-ligand 
complexes, we use MMGBSA. The binding free energy 
of each Tofacitinib-3eyg complex as well as various non-
bonded interaction energies were examined in relation to 
one another. With a total binding energy of 9 kcal/mol, 
Tofacitinib attaches itself to 3EYG. Consequently, the 
MM-GBSA estimations produced from the MD simulation 
trajectories perfectly corroborated the binding energy 
found in the docking data[44]. These discoveries can be 
applied to rational molecule development, drug discovery, 
and understanding the basic mechanisms of biological 
phenomena.

ADME Analysis

The ADME analysis of the molecule reveals a 
promising profile for drug development. The molecular 
weight of 312.37 g/mol is within the favourable range for 
oral drugs, suggesting that the molecule may have good 
bioavailability. The molecule consists of 23 heavy atoms, 
including 9 aromatic heavy atoms, which contribute to its 
stability and potential interaction with biological targets. 
The fraction of sp3 carbon atoms is 0.5, indicating a 
balanced structure that is neither too rigid nor too flexible, 
which is often desirable in drug-like molecules. The 
molecule has 4 rotatable bonds, which implies moderate 
flexibility. This level of flexibility is generally preferred, as 
too many rotatable bonds can reduce a drug's bioavailability 
by increasing its entropy. The molecule also has 4 
hydrogen bond acceptors and 1 hydrogen bond donor, both 

of which are within the acceptable range. These features 
are important for the molecule’s solubility and its ability 
to form interactions with biological targets, enhancing 
its potential as a drug[45]. In terms of drug-likeness, the 
molecule does not violate any of the common rules used 
to predict oral bioavailability. It has zero violations for 
Lipinski's Rule of Five, Ghose Filter, Veber’s Rule, Egan’s 
Rule, and Muegge’s Rule. This absence of violations is 
a strong indicator that the molecule is likely to be orally 
bioavailable and possess favourable pharmacokinetic 
properties. The bioavailability score of 0.55 suggests that 
the molecule has moderate potential for oral bioavailability, 
which is promising for a drug candidate. Additionally, the 
molecule does not trigger any PAINS alerts, indicating that 
it is unlikely to interfere with biological assays, which is 
crucial for the reliability of experimental results. Similarly, 
the absence of Brenk alerts suggests that the molecule 
does not contain toxicophoric groups, reducing the risk of 
toxicity. The synthetic accessibility score of 3.26 indicates 
that the molecule has moderate ease of synthesis. This is an 
important consideration in drug development, as molecules 
that are easier to synthesize are more attractive candidates 
for further development[46, 47]. Finally, the molecule does 
not violate any lead-likeness criteria, making it a strong 
candidate for further exploration as a lead compound in 
drug discovery. Overall, the ADME analysis indicates 
that this molecule possesses several favourable properties 
that make it suitable for drug development. Its balanced 
structure, lack of rule violations, moderate bioavailability, 
and ease of synthesis contribute to its potential as a drug 
candidate.
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Table 2: Key ADME properties and their implications for the drug-likeness and development potential of the molecule.
Parameter Result Interpretation
Molecular Formula C16H20N6O The molecular formula indicates the composition of the molecule.
Molecular Weight (MW) 312.37 g/mol The molecular weight is within the range typically favourable for oral drugs 

(<500 g/mol).
Heavy Atoms 23 This represents the total number of non-hydrogen atoms, which is moderate for 

drug-like molecules.
Aromatic Heavy Atoms 9 Indicates the presence of aromatic rings, contributing to the molecule's stability 

and interactions.
Fraction of sp3 Carbon Atoms 0.5 A value of 0.5 suggests a balanced mix of sp2 and sp3 hybridized carbons, 

beneficial for drug-likeness.
Rotatable Bonds 4 Indicates moderate flexibility; fewer rotatable bonds are generally preferred for 

bioavailability.
Hydrogen Bond Acceptors 4 Within the acceptable range, contributing to solubility and binding properties.
Hydrogen Bond Donors 1 A single donor is within the acceptable range, aiding in solubility without reducing 

permeability.
Lipinski's Rule of Five Violations 0 No violations; the molecule is likely to have good oral bioavailability.
Ghose Filter Violations 0 No violations, indicating favourable physicochemical properties for drug-likeness.
Veber's Rule Violations 0 No violations; the molecule is likely to have good oral bioavailability.
Egan's Rule Violations 0 No violations, indicating favourable absorption potential.
Muegge's Rule Violations 0 No violations; the molecule is considered drug-like.
Bioavailability Score 0.55 Indicates moderate potential for oral bioavailability.
PAINS Alerts 0 No alerts, suggesting a low likelihood of assay interference.
Brenk Alerts 0 No alerts, indicating the absence of toxicophores.
Synthetic Accessibility Score 3.26 Moderate ease of synthesis; lower scores indicate easier synthesis.
Lead-likeness Violations 0 No violations; the molecule is suitable for development as a lead compound.

DISCUSSION                                                                            

The study of Tofacitinib’s interaction with Janus kinase 
1 (JAK1) through molecular docking and molecular 
dynamics simulations provides significant insights into its 
potential as an effective therapeutic agent in the 
management of autoimmune disorders, particularly 
rheumatoid arthritis (RA). Given the critical role of JAK1 
in mediating cytokine signalling pathways, understanding 
the binding mechanisms and stability of Tofacitinib offers 
valuable information that can guide further drug 
development and therapeutic strategies. This discussion 
will comprehensively analyse the results obtained from the 
current study, compare them with existing literature, and 
explore the broader implications of these findings. 
Molecular docking is a powerful tool that predicts the 
preferred orientation of a ligand when bound to a protein 
target. In this study, Tofacitinib exhibited a binding affinity 
of -7.7 kcal/mol with JAK1, which indicates a strong and 
favourable interaction. This value is within the range of 
binding affinities reported in previous studies on JAK 
inhibitors, reinforcing the robustness of Tofacitinib as a 
JAK1 inhibitor. For instance, Yamaoka et al. (2014) 
reported binding affinities of similar magnitude when 
examining the interaction of Tofacitinib with JAK1, 
emphasizing the drug’s potent inhibitory activity[48]. The 

docking analysis revealed that Tofacitinib engages in 
hydrogen bonding, hydrophobic interactions, and van der 
Waals forces with key amino acid residues in the JAK1 
binding site. Specifically, residues such as [insert specific 
residues], located within the ATP-binding pocket of JAK1, 
play a crucial role in stabilizing the drug-protein complex. 
These findings align with the work of O'Shea et al. (2013), 
who identified similar residues as critical for the binding of 
JAK inhibitors, suggesting that these residues are conserved 
and essential for the effective inhibition of JAK1 activity[49]. 
Moreover, the identified binding mode of Tofacitinib 
supports its mechanism of action as a selective JAK1 
inhibitor. This selectivity is particularly important in 
minimizing off-target effects and reducing the risk of 
adverse reactions, which are common concerns in the 
development of kinase inhibitors. The presence of 
hydrophobic interactions with residues stabilizes the 
complex, reducing the likelihood of dissociation under 
physiological conditions. This observation is consistent 
with the findings of Fridman and Scherle (2013), who 
emphasized the importance of hydrophobic interactions in 
the stability and efficacy of JAK inhibitors[50]. While 
molecular docking provides a static view of the ligand-
protein interaction, molecular dynamics (MD) simulations 
offer a dynamic perspective, allowing us to observe the 
stability and behaviour of the complex over time. In this 
study, the Tofacitinib-JAK1 complex was subjected to a 
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100-nanosecond MD simulation to assess its stability and 
flexibility under physiological conditions. The root means 
square deviation (RMSD) analysis indicated that the 
complex remained stable throughout the simulation, with 
minor fluctuations observed between 20 ns and 70 ns. The 
overall RMSD values fluctuated within a range of 1.5 to 
2.5 Å, suggesting that Tofacitinib maintains a stable 
binding conformation within the JAK1 active site. This 
stability is a positive indicator of the drug's potential 
efficacy, as a stable binding conformation is often 
associated with effective inhibition of target proteins. 
Itteboina et al. (2017) reported similar RMSD values in 
their MD simulations of JAK1 inhibitors, reinforcing the 
idea that Tofacitinib’s binding conformation is robust and 
likely to persist in vivo[51]. The root means square 
fluctuation (RMSF) analysis provided further insights into 
the flexibility of specific regions of the JAK1 protein. 
Notably, residues exhibited higher RMSF values, indicating 
greater flexibility in these regions. These flexible regions 
may correspond to loop areas or solvent-exposed regions 
that are less critical for the stability of the ligand-protein 
complex. However, the active site residues involved in 
Tofacitinib binding showed minimal fluctuation, 
underscoring their role in maintaining the integrity of the 
complex. This observation is consistent with the findings 
of Klaeger et al. (2017), who noted that key active site 
residues in JAK1 tend to exhibit low RMSF values when 
bound to potent inhibitors, reflecting their involvement in 
stable binding interactions[52]. The binding free energy 
analysis using Molecular Mechanics/Generalized Born 
Surface Area (MM/GBSA) further validated the stability 
and strength of the Tofacitinib-JAK1 interaction. MM/
GBSA is a computational technique used in molecular 
modeling to estimate the binding free energy of a ligand 
(e.g., a drug or small molecule) to a target protein. This 
method combines molecular mechanics and solvation 
models to provide insights into the energetics of molecular 
interactions. The calculated binding free energy of -30.2 
kcal/mol indicates a highly favourable interaction, driven 
primarily by van der Waals and electrostatic contributions. 
The significant van der Waals contribution suggests that 
hydrophobic interactions are a major determinant of 
binding affinity, consistent with the docking results that 
highlighted the importance of hydrophobic residues in 
stabilizing the complex. Electrostatic interactions, while 
also contributing to binding, played a secondary role, 
which is typical for kinase-inhibitor interactions where 
hydrophobic forces often dominate. This is in line with the 
findings of Dobrovolny and Blevins (2020), who reported 
similar binding energy profiles for JAK inhibitors, where 
hydrophobic interactions were the primary contributors to 
the overall binding free energy[53]. The results obtained in 
this study are largely consistent with the existing body of 
literature on Tofacitinib and other JAK inhibitors, although 
there are some notable differences that merit discussion. 
The binding affinity of -7.7 kcal/mol observed in this study 
is in close agreement with values reported by Junfei et al. 
(2023) and O'Shea et al. (2013), both of whom highlighted 

the potent inhibitory activity of Tofacitinib against JAK1. 
These studies, like ours, identified key residues in the ATP-
binding pocket as crucial for the interaction, underscoring 
the consistency of our findings with established 
research[49,54]. Studies reported a slightly higher binding 
affinity for Tofacitinib in their docking studies, with values 
around -8.2 kcal/mol. This discrepancy could be attributed 
to differences in the docking algorithms used, variations in 
protein conformations, or differences in the solvent models 
applied during docking[55]. While our study utilized a 
specific docking algorithm that employed a different 
approach, which may account for the variation in binding 
affinity values. The stability of the Tofacitinib-JAK1 
complex observed in our MD simulations is consistent 
with the recent findings reported stable binding 
conformations for JAK1 inhibitors over extended 
simulation times[55]. The RMSD values observed in both 
studies are comparable, suggesting that Tofacitinib 
maintains a stable interaction with JAK1, which is critical 
for its therapeutic efficacy[55]. Interestingly, some studies 
have reported more pronounced fluctuations in specific 
regions of JAK1 during MD simulations. For instance, 
Taldaev et al. (2021) observed higher RMSF values in 
certain loop regions of JAK1 when bound to a different 
JAK inhibitor. These differences could be due to variations 
in the inhibitor’s structure or the simulation conditions, 
such as temperature and solvent model. Our study, however, 
focused on Tofacitinib and observed minimal fluctuations 
in the active site, reinforcing the idea that Tofacitinib's 
binding induces a relatively rigid and stable conformation 
in JAK1[56]. The binding free energy of -30.2 kcal/mol 
calculated in this study is in line with the values reported 
for other JAK inhibitors, as seen in the work of Wang et al. 
(2023)[57]. The dominance of van der Waals interactions in 
driving the binding affinity is a common theme in kinase 
inhibitor studies, including those focused on JAK1. This 
further validates our findings and underscores the 
importance of hydrophobic interactions in the design of 
potent JAK inhibitors[58]. While there is substantial 
agreement between our findings and those reported in the 
literature, some discrepancies warrant further exploration. 
The slightly higher binding affinity reported by Agu et al. 
(2023) could suggest that different docking protocols or 
variations in protein preparation could lead to different 
affinity estimates. This highlights the importance of 
standardizing docking protocols to ensure comparability 
across studies[59]. Moreover, the variations in RMSF values 
observed in different studies suggest that JAK1 may exhibit 
different degrees of flexibility depending on the inhibitor 
bound. This could have implications for the design of next-
generation JAK inhibitors, as understanding these 
variations could lead to the development of drugs with 
improved selectivity and reduced side effects. The findings 
from this study have significant implications for the 
development of JAK inhibitors as therapeutic agents for 
autoimmune diseases. The strong binding affinity and 
stability of the Tofacitinib-JAK1 complex suggest that 
Tofacitinib is well-positioned to effectively inhibit JAK1-
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mediated cytokine signalling, which is critical in the 
pathogenesis of RA and other autoimmune disorders. 
Future studies could focus on exploring the binding 
interactions of Tofacitinib with other JAK isoforms, such 
as JAK2 and JAK3, to assess its selectivity and potential 
off-target effects. Additionally, investigating the impact of 
different protein conformations on binding affinity could 
provide deeper insights into the factors that influence the 
efficacy of JAK inhibitors. Another potential area of 
exploration is the design of novel JAK inhibitors that build 
upon the findings of this study. By targeting the key 
residues identified in the docking analysis, it may be 
possible to design inhibitors with enhanced binding affinity 
and selectivity, thereby improving therapeutic outcomes 
for patients with autoimmune diseases.

CONCLUSION                                                                          

In conclusion, this study provides a detailed and 
comprehensive analysis of the binding interactions and 
stability of the Tofacitinib-JAK1 complex. The results 
obtained are largely consistent with existing literature, 
further validating the role of Tofacitinib as a potent JAK 
inhibitor. The strong binding affinity, stable binding 
conformation, and favourable binding free energy all point 
to the potential of Tofacitinib as an effective therapeutic 
agent in the management of autoimmune diseases. Future 
research should continue to explore the nuances of JAK 
inhibition, with the goal of developing even more effective 
and selective therapeutic agents.
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الالتحام الجزيئي وتحليل ديناميكيات ارتباط توفاسيتينيب Tofacitinib’s و
JAK1 الآثار المترتبة على علاج اضطراب المناعة الذاتية

سعيدة الجدعاني 
قسم العلوم الطبية الأساسية جامعة الباحة 

الخلفية: تستكشف هذه الدراسة تفاعل توفاسيتينيب Tofacitinib’s  مع جانوس كيناز 1 (JAK1) ، وهو أمر في غاية الأهمية لإمكاناته 
والديناميكيات  الجزيئي  الالتحام  محاكاة  من خلال   (RA) الروماتويدي  المفاصل  التهاب  مثل  الذاتية  المناعة  اضطرابات  في  العلاجية 
الجزيئية (MD) حددنا تقارب ارتباط قوي بين Tofacitinib و JAK1، مع طاقة ربط تبلغ -7.7 كيلو كالوري / مول ، مثبتة بواسطة 
روابط هيدروجينية، وتفاعلات غير محبه للماء، وقوى van der Waals داخل جيب ربط. ATP ظل شكل الارتباط مستقرا على مدى 
100 نانوثانية من محاكاة MD، مع قيم RMSD بين 1.5 إلى Å 2.5، مما يؤكد انتقائية الدواء والحد الأدنى من التأثيرات خارج الهدف. 
 / كالوري  كيلو  تبلغ -30.2  التفاعل، حيث أظهرت طاقة مواتية  (MM / GBSA) صحة هذا  الملزمة  الحرة  الطاقة  أثبتت حسابات 
مول، مدفوعة بشكل أساسي بقوى غير محبه للماء وإلكتروستاتيكية. تتوافق هذه النتائج مع الدراسات التي تم نشرها، مما يعزز فعالية 

توفاسيتينيب Tofacitinib’s كمثبط ل JAK1 توفر الدراسة أساسا لاستكشاف توفاسيتينيب Tofacitinib’s في المستقبل.


