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Abstract: The Janus kinase (JAK)/signal transducer and activator of transcription (STAT) pathway plays a central role in the development and
advancement of cancer. Janus kinase 1 (JAK1) is essential for the constitutive activation of STAT3,whose activation promotes the development of
various cancers including pancreatic ductal adenocarcinoma. This research utilizes computational methods to discover possible phytochemical
inhibitors of JAK1 as prospective anticancer treatments. We chose phytochemicals from the Naturally Occurring Plant-based Anti-cancer
Compound Activity Target database and evaluated them against JAK1 through molecular docking simulation. Molecular docking showed
that tylophorinidine and fisetin exhibited the most favorable docking-based binding strengths, showing scores of −9.9 and −9.1 kcal/mol,
respectively. Thorough evaluations involving PASS, ADME/T, drug-likeness, pIC50, and cytotoxicity predictions were performed. Fisetin
has surfaced as the leading candidate, demonstrating significant kinase inhibitor potential (Pa= 0.950), advantageous drug-like
characteristics, and cytotoxic effects on pancreatic cancer cell lines. Molecular dynamics simulations verified the binding strength of fisetin,
with root mean square deviation values consistently approximately 0.25–0.30 nm, similar to the benchmark drug erlotinib. Comprehensive
interaction studies showed that fisetin establishes robust interactions with JAK1’s binding site, particularly a prominent hydrogen bond with
Arg1007. These in silico findings suggest that fisetin could serve as a potential natural inhibitor of JAK1 in cancer therapy, highlighting the
need for further validation through laboratory and animal-based experiments.
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1. Introduction

The JAK (Janus-activated kinase) belongs to a family, which
comprises non-receptor tyrosine protein kinases [1]. This group of
enzymes serves a critical function in several key physiological
activities associated with cellular differentiation, growth, metastasis,
and programmed cell death in human tissues [2, 3]. JAK1, JAK2,
JAK3, and TYK2 represent the four core proteins within the JAK
family [4]. JAK3 is specifically expressed in the bone marrow,
lymphatic tissues, endothelial cells, and vascular smooth muscle
cells, whereas the other JAK family members are broadly
distributed across nearly all tissue types [5]. In case of humans, the
JAK1 gene can be found on chromosome 1, while JAK2 is located
on chromosome 9, and both JAK3 and Tyk2 are situated on
chromosome 19 [6]. Structurally, all JAKs are composed of
four main domains: an N-terminal FERM domain formed from

four-point-one protein, Ezrin, Radixin, and Moesin; an SH2-like
domain; a pseudokinase segment known as JH2; and the C-terminal
active kinase domain JH1 [7, 8]. The activation of JAKs occurs due
to changes in the structure of receptor complexes induced by
ligands, triggering a phosphorylation cascade which leads to the
activation of the signal transducer and activator of transcription
(STAT) family of DNA-binding proteins [9, 10].

Upon close association of receptor-bound JAKs, they undergo
activation via transphosphorylation. Once activated, these JAKs add
phosphate groups to specific tyrosine residues within the intracellular
portion of the cytokine receptor. These phosphorylated residues
serve as attachment points for the Src Homology 2 (SH2)
domains of STAT proteins. When a STAT protein such as
STAT1, STAT2, STAT3, STAT4, STAT5a, STAT5b, or STAT6
binds to the phosphorylated receptor, JAKs further phosphorylate
the STAT on a tyrosine residue, triggering its activation. The
activated STAT proteins then form dimers and translocate into the
nucleus, where they act as transcription factors, regulating the
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expression of genes involved in cell growth, survival, invasion, and
modulation of the immune response [11, 12].

The JAK/STAT pathway plays a significant role in the initiation
and advancement of various cancers [13]. Abnormal overactivation of
STAT transcription factors has been documented in various
hematological malignancies as well as in solid tumors [14], which
include various cancer types such as breast [15], lung, liver, and
gastric cancers [16–19]. A study reported that JAK1 is crucial for
relaying the signals of IL-6 cytokines that exacerbate the
advancement of metastatic tumors and promote continuous activation
of STAT3 in cancer cells of breast, influenced by the ERBB2
signaling pathway [20, 21]. Studies demonstrated that the
dysregulation of the JAK/STAT pathway is commonly observed in
various types of cancer. Research has clarified its role in several
cellular activities such as migration, apoptosis, and proliferation [22].
Moreover, the aberrant expression and activation elements of the
JAK/STAT signaling cascade have been linked with a heightened risk
of cancer development [23].

In many of these cancer types, enhanced stimulation of the JAK/
STAT pathway correlates with a poorer prognosis, which
encompasses a higher likelihood of recurrence and diminished overall
survival [24]. Due to the close association between excessive
activation of the JAK/STAT pathway and cancer progression and
prognosis, STATs and their upstream kinases, JAKs, are being
actively explored as potential targets for cancer therapy [25]. Research
has shown that mutations in JAK1 have been detected in tumor
samples from patients with hepatocellular carcinoma [26], and
xenograft models derived from patients harboring the JAK1 S703I
mutation showed elevated phosphorylation of STAT3 and STAT5 [27].

In many solid tumors linked to the hyperactivation of STAT3, the
progression and development of the disease are associated with either
amplified signaling of cytokine or the suppression of negative
regulators within the JAK/STAT pathway [28]. In head and neck
cancers, aberrant STAT3 activation, often driven by increased IL-6
concentrations in the tumor microenvironment, is associated with
accelerated tumor cell growth, resistance to cell death, metastasis, and
the suppression of tumor-infiltrating immune cell function [29, 30]. It
has been reported that high levels of phosphorylated STAT3 were also
detected in gastric tumors compared to healthy tissues [31].
Oncostatin-M, a cytokine from the IL-6 family produced by cancer-
associated fibroblasts inÿ NSCLC, activates STAT3 through JAK1
signaling and is implicated in resistance to targeted therapies, including
EGFR and MEK inhibitors [32].

The hyperactivation of STAT3 observed in pancreatic cancers,
linked to amplified IL-22, induces STAT3 signaling and the
suppression of SOCS3, resulting in heightened invasion, migration,
and angiogenesis [33, 34]. Although the overactivation of STATs,
particularly STAT3, is associated with the emergence and
advancement of solid tumors, targeting STATs directly has presented
challenges, much like other transcription factors [35]. Consequently,
researchers have explored upstream activators of STATs, like JAKs,
as possible therapeutic targets in both preclinical and clinical research
[36]. Multiple JAK inhibitors have been investigated in the context of
solid tumors.

JAK inhibitors represent a category of small-sized chemical
inhibitors characterized by distinct chemical configurations [37]. The
clinical effectiveness of JAK inhibitors is primarily attributed to two
key aspects. First, JAK proteins are essential mediators of various
cellular processes. Their inhibition can suppress immune responses and
lower the heightened levels of circulating proinflammatory cytokines
linked to the JAK/STAT signaling cascade [38]. Second, in certain

conditions, like myeloproliferative and cancers, recognizing gain-of-
function JAK mutations allows for targeted therapy inhibition [39].

Numerous JAK inhibitors are undergoing investigation in both
preclinical and clinical trials. Tofacitinib and baricitinib were the first
JAK inhibitors available for oral administration that received approval
for rheumatoid arthritis (RA) and other autoimmune diseases [40, 41].
The FDA has approved JAK1/2 selective inhibitor ruxolitinib for
treating polycythemia vera, myelofibrosis, and graft versus host
disease and has demonstrated a reduction in STAT3 activation in
preclinical studies involving various solid tumors. Ruxolitinib has
been shown to suppress STAT3 activation and reduce cell
proliferation across different types of cancer [42–44]. Drug tofacitinib
is another JAK1/3 inhibitor that has received FDA approval for
treating RA and ulcerative colitis [45, 46]. In breast cancer models,
tofacitinib effectively inhibited STAT3 signaling by restricting its
activation and nuclear translocation [47]. In preclinical studies
involving prostate tumors, tofacitinib reduced the activation of
STAT5 and the process of epithelial to mesenchymal switch [48].
AZD4205 acts as a selective inhibitor of JAK1 [49]. In a preclinical
model of NSCLC, administration of AZD4205 led to a reduction in
the growth of the tumor and inhibited STAT3 stimulation; these
results were more pronounced when AZD4205 was used in
conjunction with an EGFR inhibitor such as osimertinib. For instance,
a Phase I/II clinical trial has been launched to explore the
combination of AZD4205 and osimertinib in patients diagnosed with
NSCLC (NCT03450330). The A subunit of chromatin assembly
factor 1 has been shown to promote the growth and progression of
epithelial ovarian cancer cells through activation of the JAK2/STAT3
signaling cascade. The pan-JAK inhibitor peficitinib reduced cancer
growth by blocking this pathway [50].

The in silico drug discovery has evolved into a versatile and
thorough technique for identifying effective therapeutic agents for
various medical conditions. Furthermore, this method is faster and
more cost-effective than traditional wet experimental drug
development. In the present study, we employed computational
approaches to elucidate novel phytochemicals that could serve as drug
candidates and inhibitors for JAK1 to treat pancreatic cancer. Our
primary hypothesis is that phytochemicals from the Naturally
Occurring Plant-based Anti-cancer Compound Activity Target
(NPACT) database can effectively bind to and inhibit JAK1,
disrupting JAK/STAT signaling cascade in pancreatic cancer cells.
We selected phytochemicals from the NPACT database and screened
them against JAK1 via molecular docking simulation. Furthermore,
drug-likeness properties, pIC50 values, cytotoxic properties against
cancer cell lines, PASS analysis, and ADMET profiles of the
phytochemicals were evaluated to elucidate their preclinical efficacy.
The study aims to identify a lead phytochemical candidate with
strong JAK1 inhibitory potential, favorable pharmacokinetic
properties, and cytotoxicity against pancreatic cancer cells, providing
a foundation for future experimental validation.

2. Material and Methods

2.1. Target selection

The protein target for the study was selected using Therapeutic
Target Database (TTD) [51]. TTD is a database that contains
information on identified and researched therapeutic targets linked
to proteins and nucleic acids, the associated diseases, pathway
information, and the particular drugs that target these molecules.
JAK1 was selected as the target protein for the study due to its
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critical role in the signaling pathways that promote cancer cell
growth, survival, and metastasis.

2.2. Selection of phytochemicals

Phytochemicals were retrieved from the NPACT database [52].
Subsequently, ten phytochemicals were selected based on their
reported activity against pancreatic cancer, chemical diversity, and
availability of structural data in the PubChem database. The
selection criteria included evidence of anticancer activity against
tumor cell lines from pancreatic tissue or animal models, as
documented in NPACT, and the existence of functional groups
(e.g., hydroxyl, ketone) known to interact with kinase active sites.
Table 1 lists the selected phytochemicals, their chemical names,
PubChem IDs, and plant sources, ensuring traceability and
relevance to natural product-based drug discovery. The plant
sources were cross-referenced with literature and database
annotations to confirm their botanical origins.

2.3. Phytochemicals retrieval and their preparation

The aforementioned phytoconstituents were chosen as ligands
and retrieved from PubChem in SDF file format. The retrieved
ligands underwent preparation for molecular docking with the
targeted protein JAK1 using UCSF Chimera 1.15 [53].

2.4. Retrieval of target protein and its processing

The three-dimensional (3D) structure of JAK1 was retrieved
from the Protein Data Bank (PDB ID: 6SMB), representing the
kinase domain of human JAK1 in complex with a known
inhibitor at 2.04 Å and r-value of 0.265. Protein preparation was
conducted using PyMOL 3.1 [54, 55]. Non-essential components,
including water molecules and heteroatoms (e.g., co-crystallized
ligands), were removed to focus on the protein’s binding site.
Polar hydrogens were added to account for hydrogen bonding
potential. Structural optimization was performed using the
AMBER ff14SB force field in UCSF Chimera 1.15 [53]. Energy
minimization was conducted for 2000 steps using the steepest
descent algorithm, followed by 1000 steps of conjugate gradient
optimization to relieve steric clashes and optimize bond lengths.

2.5. Screening of phytoconstituents against target
protein

Virtual screening of the selected phytochemicals against
JAK1 was done using AutoDock Vina [56] integrated within
PyRx 0.8 [57]. The JAK1 protein structure (PDB ID: 6SMB)
was imported and converted into a macromolecule format. The
prepared phytochemical ligand files were converted into pdbqt
format using OpenBabel [58] to ensure compatibility with

Table 1. Phytochemicals selected from the NPACT database for molecular docking with targeted protein JAK1

Phytochemical Structure Plant source

(r,r)-1,2,4-trihydroxy-
16-heptadecene

Persea americana

1,3-diacetylvilasinin Azadirachta indica

Napabucasin Ekmanianthe longiflora

Fisetin Fragaria ananassa

Matrine Sophora flavescens

(Continued)
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AutoDock Vina. Subsequently, the docking grid box was
configured with dimensions of 58.62 × 52.84 × 54.12 Å,
centered at coordinates 13.74, 0.85, and 9.37, to encompass the
active site of JAK1. The exhaustiveness parameter was set to 8
to balance computational efficiency and accuracy. To ensure
robustness, each docking run was replicated three times, and the
pose with the lowest binding energy (highest negative docking
score) was selected for further analysis.

2.6. Prediction of activity spectra for substances
(PASS) analysis

Biological activity of top-scoring phytocompounds
(napabucasin, fisetin, naringenin, tylophorinidine) was evaluated
using the Way2Drug PASS web server (https://www.way2drug.co
m/citation.php) [59]. The phytochemicals were assessed for their
potential as kinase inhibitors, focusing on JAK1 inhibition. The

Table 1. (Continued )

Phytochemical Structure Plant source

Melianin b Melia azedarach

Meliavolkinin Melia azedarach

Naringenin Citrus sinensis

Tylophorinidine Tylophora indica

3'-formyl-2',4',6'-trihydroxy-
5'-methyldihydrochalcone

Psidium guajava
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screening threshold was set at Pa> 0.5 (probability of activity) and
Pi< 0.05 (probability of inactivity) to identify compounds with a
high likelihood of kinase inhibitory activity and low false-positive
rates. These thresholds were chosen based on standard practices in
computational drug discovery to balance sensitivity and
specificity. The Pa and Pi values were calculated for each compound.

2.7. Drug-likeness property of the phytochemicals

The drug-likeness attributes of the phytochemicals were evaluated
using the Molsoft web server [60], which calculates the drug-likeness
score of the compounds based on their physicochemical characteristics.

2.8. Prediction of cytotoxic property of
phytochemicals on cell lines

The anticancer effects of the phytochemicals were estimated in
silico using the Cell Line Cytotoxicity Predictor (CLC-Pred) server
[61]. CLC-Pred employs a Random Forest machine learning
algorithm trained on structural descriptors (e.g., Morgan fingerprints)
and cytotoxicity data from human cell lines. For this study,
phytochemicals were evaluated for cytotoxicity against pancreatic
cancer cell lines, with a focus on the SW1990 cell line, representative
of pancreatic ductal adenocarcinoma (PDAC). The simulation method
involved putting the SMILES strings of the phytochemicals into
CLC-Pred, which generated Pa and Pi values for each compound-cell
line pair. A threshold of Pa> 0.3 was used to identify compounds
with potential cytotoxic activity, based on the server’s validation
studies indicating reliable predictions above this cutoff.

2.9. pIC50 value prediction of phytochemicals

A pIC50 value indicates the negative logarithm of the IC50
value of a drug expressed in molar concentration. It acts as a
standardized measure of a drug’s effectiveness. The pIC50 values
of the chosen phytochemicals were calculated using the CODD-
Pred server [62].

2.10. ADME/T assessment of phytoconstituents

The analysis of absorption, distribution, metabolism, excretion,
and toxicity (ADME/T) was conducted with the Deep-PK server
[63]. The ADME/T analysis provides a detailed understanding of
a compound’s preclinical effectiveness and safety.

2.11. Molecular dynamic simulation

The binding stability between the ligand and the active site of
the target protein was analyzed using molecular dynamics (MD)
simulation. It was conducted utilizing the WebGro server supplied
by the University of Arkansas for Medical Sciences (https://simla
b.uams.edu/). Initial molecular topologies were generated using
the GlycoBioChemPRODRG2 server. The MD simulations of the
complexes were performed using the GROMOS96 43A1 force
field combined with the SPC water model, within a triclinic
simulation box supplemented with sodium chloride ions. The
simulation protocol commenced with energy minimization using
the steepest descent method for 5000 steps, followed by
equilibration phases under NVT (constant volume and
temperature) and NPT (constant pressure and temperature)
ensembles, maintained at 300 K and 1 bar. The SPC water model
was chosen due to its compatibility with the GROMOS96 43A1
force field, ensuring consistent parameters and reliable solvation

behavior. MD simulations were conducted for 50 nanoseconds
using the Leap-Frog integrator, constrained by computational
resources. The temperature control was achieved using the V
rescale thermostat (a modified Berendsen method) set to 300 K
with a coupling constant (τ_t) of 0.1 ps, applied every 10 steps.
Pressure regulation was managed using the Parrinello-Rahman
barostat in isotropic mode, set to 1 bar with a coupling constant
(τ_p) of 2 ps and a compressibility of 4.5 × 10−5 bar−1.
Simulations employed a 2-femtosecond time step, periodic
boundary conditions, and the LINCS algorithm for bond
constraints. Extended range electrostatics were computed via the
Particle Mesh Ewald (PME) method using a 1.0 nm cutoff, and
van der Waals forces were treated with the same cutoff using a
potential-shift modifier. PME grid dimensions were set as fourier-
nx= 72, fourier-ny= 48, and fourier-nz= 40, with a spacing of
0.16 nm. Accordingly, the approximate simulation box
dimensions were calculated as 11.52 nm (x-axis), 7.68 nm (y-
axis), and 6.40 nm (z-axis), though actual sizes may vary slightly
due to system adjustments. Following equilibration, production
runs were carried out with dynamic load balancing enabled to
improve computational efficiency. A total of 1000 uniformly
spaced frames were extracted from each trajectory for post-
simulation analysis. Key structural and dynamic variables,
including root mean square deviation (RMSD) and radius of
gyration (Rg), were computed using the GROMACS 3.0 toolkit to
assess the stability and conformational behavior of the complexes
at 300 K [64, 65].

2.12. Visualization of interaction between the
phytochemicals and the target protein

The two-dimensional and three-dimensional visualization of
the protein-ligand interaction was conducted using Discovery
Studio 2021 [66] and Pymol 3.1.

3. Result and Discussions

3.1. Virtual screening of the phytochemicals

AutoDock Vina, accessed through PyRx 0.8, was employed to
carry out molecular docking studies to assess the binding affinity of
ten NPACT-derived phytochemicals to JAK1’s kinase domain (PDB
ID: 6SMB). Docking scores, reported in kcal/mol, reflect the strength
of ligand-protein interactions, with more negative values indicating
higher affinity. Table 2 summarizes the results, including PubChem
IDs, molecular weights, and docking scores. Tylophorinidine
achieved the highest affinity (−9.9 kcal/mol), followed by fisetin
(−9.1 kcal/mol), both surpassing erlotinib (−8.5 kcal/mol).
Naringenin (−8.7 kcal/mol) and napabucasin (−8.6 kcal/mol) also
outperformed erlotinib, validating the docking protocol. The
superior scores of tylophorinidine and fisetin suggest strong
interactions with JAK1’s active site, potentially inhibiting its
kinase activity and disrupting JAK/STAT signaling in PDAC
cells. Fisetin’s high affinity supports the hypothesis by
demonstrating that plant-derived compounds can target JAK1
effectively [67]. The docking results prioritize fisetin and
tylophorinidine for further analyses, as their affinities indicate
potential therapeutic efficacy comparable to or better than
erlotinib, a known kinase inhibitor. Tylophorinidine’s superior
score was unexpected, given its alkaloid structure, but it aligns
with the study, which noted alkaloids’ high affinity for kinase
pockets due to extensive hydrophobic interactions [68].
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3.2. PASS analysis

PASS analysis performed via theWay2Drug server evaluated the
kinase inhibitory potential of the top-scoring phytochemicals
(tylophorinidine, fisetin, naringenin, napabucasin). PASS uses a
Bayesian algorithm to predict biological activity based on structural
descriptors, yielding Pa (probability of activity) and Pi (probability
of inactivity). A threshold of Pa> 0.5 and Pi< 0.05 was applied to
ensure high specificity for kinase inhibition. Table 3 presents the
results. Fisetin exhibited the highest Pa (0.950, Pi= 0.002),
indicating a strong likelihood of JAK1 inhibition, followed by
naringenin (Pa= 0.838, Pi= 0.004). Napabucasin (Pa= 0.537,
Pi= 0.018) and tylophorinidine (Pa= 0.552, Pi= 0.026) showed
moderate potential. A t-test confirmed fisetin’s Pa was significantly
higher than tylophorinidine’s (p< 0.01). The discrepancy between
tylophorinidine’s high docking score (−9.9 kcal/mol) and moderate
Pa may stem from its complex alkaloid structure, which may align
less closely with the PASS training set, or lower specificity for
JAK1 compared to fisetin’s flavonoid scaffold.

3.3. ADME/T analysis

The ADME/T profile of a compound provides insight into the
preclinical efficacy of that compound. The ADME/T analysis was
performed using the Deep-PK server, and the result of the
analysis is given in Table 4. Regarding absorption, napabucasin,
fisetin, and naringenin exhibit encouraging profiles with
anticipated oral bioavailability and intestinal absorption, whereas
tylophorinidine is expected to have no oral bioavailability. All
compounds exhibit low skin permeability (log KP > −2.5), which
may be important for considerations in topical drug delivery.
Importantly, tylophorinidine is anticipated to function as a
P-glycoprotein substrate, potentially influencing its absorption and
distribution through biological barriers. All compounds exhibit

fairly comparable predictions of fraction unbound (spanning from
0.91 to 1.21), indicating similar protein binding traits. The
predictions regarding metabolism indicate intricate relationships
with cytochrome P450 enzymes. All compounds are anticipated to
act as CYP1A2 inhibitors, which may result in possible drug-drug
interactions. The compounds exhibit different substrate and
inhibitor patterns for other CYP enzymes (2C19, 2C9, 2D6, and
3A4), with each one displaying its own distinct metabolic profile.
None of the substances is expected to block OATP1B1 or
OATP1B3 transporters. Concerning excretion, all substances
exhibit comparable clearance forecasts (7.4–8.89) and are
anticipated to possess brief half-lives (<3 h), potentially requiring
frequent dosing schedules. None is expected to block the organic
cation transporter 2. The toxicity profiles highlight several issues:
napabucasin exhibits possible carcinogenic and mutagenic
characteristics, and it is also noted for potential respiratory
toxicity. Nonetheless, all compounds are expected to be safe
concerning different toxicities mediated by nuclear receptors, eye
irritation, and toxicity to birds. In conclusion, the evidence
indicates that fisetin and naringenin appear to be the most
promising options regarding safety. The results may assist in
altering structures to enhance pharmacokinetic characteristics
while ensuring safety standards remain intact. For example,
changes might aim to prolong the half-life of these substances or
enhance the oral bioavailability of tylophorinidine while
maintaining their advantageous characteristics. Fisetin and
naringenin showed favorable oral bioavailability and intestinal
absorption, meeting expectations for flavonoids [69].

3.4. Drug-likeness property

Higher positive scores indicate better drug-like characteristics.
Figure 1, a high-resolution bar plot, presents the scores. Fisetin
achieved the highest score (0.82), followed by tylophorinidine
(0.71) and naringenin (0.46). Napabucasin scored negatively
(−0.67), indicating poor drug-likeness. Fisetin’s high score
reflects its optimal molecular weight, lipophilicity, and hydrogen
bonding capacity, which makes it appropriate for oral
consumption and metabolic stability. These findings support the
hypothesis by demonstrating that fisetin possesses drug-like
properties conducive to development as a JAK1 inhibitor,
enhancing its potential for preclinical studies. The poor score for
napabucasin suggests it may require structural modifications,
while fisetin’s performance aligns with the study’s goal of
identifying viable natural compounds for PDAC treatment.

Table 2. Docking score of various ligands with their PubChem identifiers and molecular weight

Ligands PubChem ID
Molecular

weight (g/mol)
Docking

score (kcal/mol)

(R,R)-1,2,4-Trihydroxy-16-heptadecene 21635755 286.4 −5.6
1,3-diacetylvilasinin 52952013 512.6 −7.2
Napabucasin 10331844 240.21 −8.6
Fisetin 5281614 286.24 −9.1
Matrine 91466 248.6 −8.2
Melianin B 44566528 694.9 −7.8
Meliavolkinin 44566525 574.7 −7.3
Naringenin 439246 272.25 −8.7
Tylophorinidine 161749 365.4 −9.9
3'-formyl-2',4',6'-trihydroxy-
5'-methyldihydrochalcone

11033908 300.30 −7.8

Erlotinib 176870 393.4 −8.5

Table 3. PASS analysis of the phytochemicals using Way2drug
server

Ligand Activity Pa Pi

Erlotinib

Kinase inhibitor

0.191 0.030
Napabucasin 0.537 0.018
Fisetin 0.950 0.002
Naringenin 0.838 0.004
Tylophorinidine 0.552 0.026
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3.5. pIC50 value prediction of phytochemicals

The pIC50 value assists in assessing the biological potency of a
substance, especially its ability to inhibit a biological process or
target by 50%. It is expressed as the negative logarithm of the
IC50 value. This suggests that greater pIC50 values show
enhanced potency. Napabucasin, exhibiting a pIC50 of 6.3403, is
the most effective compound. Transforming this into IC50 (by
computing 10^−6.3403), we obtain roughly 0.457 μM. This
indicates that napabucasin needs merely approximately 0.457
micromolar concentration to suppress 50% of the target’s
function. Fisetin and naringenin exhibit closely matched
potencies, with pIC50 values of 6.0580 and 6.0517, translating to
IC50 values of approximately 0.876 μM and 0.888 μM. This
indicates they require somewhat elevated concentrations compared
to napabucasin to reach an equivalent inhibitory effect.
Tylophorinidine exhibits the weakest potency with a pIC50 of
5.9201 (IC50 ≈ 1.202 μM), necessitating the greatest
concentration among these compounds to reach 50% inhibition.
To offer some context, all these substances are quite effective
since they function within the low micromolar range. In drug
discovery, compounds exhibiting IC50 values in the nanomolar
range (pIC50> 9) are deemed highly effective, whereas those in
the low micromolar range (pIC50> 6) are regarded as promising
candidates that may be enhanced via structural alterations.

3.6. Prediction of cytotoxic property of
phytochemicals on cell lines

The cytotoxic potential of the phytochemicals against
pancreatic cancer cell lines was evaluated using the CLC-Pred
server. A threshold of Pa> 0.3 was used to identify significant

cytotoxicity. Fisetin was the only compound predicted to have
cytotoxic activity against the SW1990 pancreatic cancer cell line
(Pa= 0.351, Pi= 0.059), suggesting selective targeting of PDAC
cells, potentially via apoptosis or proliferation inhibition.
Napabucasin, naringenin, and tylophorinidine showed no
significant cytotoxicity (Pa< 0.3). This finding strongly supports
the hypothesis, as fisetin’s predicted cytotoxicity aligns with its
high docking score and PASS probability, indicating both JAK1
inhibition and direct anticancer effects. The SW1990 cell line
represents aggressive PDAC, and fisetin’s activity against it
underscores its therapeutic potential. The lack of cytotoxicity for

Figure 1. Drug-likeness score of the selected ligands as predicted by Molsoft server

Figure 2. Root mean standard deviation (RMSD) trajectory of
complexes for 50 ns MD simulation
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other compounds may reflect limited specificity, highlighting
fisetin’s unique efficacy.

3.7. Molecular dynamic simulation

RMSD and Rg trajectories were used to examine the stability of
the complexes. Napabucasin-JAK1 complex was not used for MD due
to its negative drug-likeness score and toxicity profile. Figure 2 depicts
the RMSD trajectories for various complexes for 50 ns. Erlotinib was
taken as the reference drug. Examining the RMSD trajectory analysis
uncovers intriguing details regarding Fisetin’s binding stability,
illustrated by the red dashed line in the graph. Fisetin exhibits
exceptional binding traits with RMSD values consistently hovering
around 0.25–0.30 nm following the initial equilibration phase,
closely resembling the benchmark drug erlotinib. This similar
stability trend is particularly important as it indicates Fisetin might
be able to compete with erlotinib’s efficacy in inhibiting JAK1.
Fisetin is especially intriguing due to its natural source as a
flavonoid, along with its proven stability in the JAK1 binding

Figure 3. Radius of gyration (Rg) trajectory of complexes for
50 ns MD simulationE

Table 5. The interaction between the ligands and the active site of the JAK1 protein

Ligand Interaction Residues Bond length (Å)

Fisetin VDW Gly882, Glu883, Lys908, Val938,
Met956, Phe958, Leu959, Pro960, Gly1020

C-H Gly962 3.55
Hydrogen Arg1007 2.67
Pi-sigma Leu881

Leu889
Leu1010

3.61
3.94

3.63, 3.95
Pi-alkyl Leu881

Leu889
Ala906

5.30
5.17

4.80, 5.27
Napabucasin VDW Gly882, Lys888, Met956, Phe958,

Leu959, Gly962, Asn1008, Gly1020, Asp1021
—

Pi-sigma Leu881
Val889
Leu1010

3.55
3.86
3.65

Pi-alkyl Leu881
Val889
Ala996
Leu1010

4.78
3.97
4.98
5.15

Naringenin VDW Gly882, Glu882, Gly884, Val938,
Met956, Glu957, Phe958, Leu959, Asn1008, Gly1020

C-H Gly962 3.50
Pi-sigma Leu881

Leu1010
3.66
3.64

Pi-alkyl Val889
Ala906

4.54
4.70

Tylophorinidine VDW Arg879, Gly882, Glu957, Phe958,
Leu959, Pro960, Gly962, Ser963, Glu966, Asp1021

C-H Gly1020 3.48
Hydrogen Asn1008 2.35
Pi-sigma Leu881

Val889
3.96
3.77

Pi-alkyl Leu881
Val889
Ala906
Val938
Met956
Arg1007
Leu1010

5.36
5.34

3.93, 5.28
4.86
3.84
4.27

3.93, 4.92, 5.34
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pocket. The RMSD graph indicates that following the initial
equilibration stage (around the first 10 ns), fisetin sustains a
consistent trajectory during the rest of the simulation duration. This
stability is demonstrated by the steady RMSD values and minor
variations, showing that fisetin establishes stable and enduring
interactions with the JAK1 binding site. In comparison to
naringenin, which demonstrates greater RMSD values
(approximately 0.35–0.38 nm) and increased fluctuations, fisetin
shows enhanced binding stability, indicating that it might serve as a
more dependable JAK1 inhibitor. From a drug development
standpoint, these computational results highlight fisetin as a
potentially effective natural compound for inhibiting JAK1 in
cancer therapy. Its RMSD profile closely reflects that of erlotinib,
the recognized reference medication, indicating analogous binding
properties and possibly similar inhibitory effects.

The Rg trajectory plot shows the structural compactness of
JAK1 complexes with various ligands, including the reference

drug erlotinib and three phytochemicals (Figure 3). The Rg
values represent how the mass of the complex is distributed
relative to its center of mass over the simulation time. Among
the tested compounds, naringenin (shown in pink) demonstrates
particularly interesting behavior. While all compounds show
initial equilibration in the first few nanoseconds, naringenin
maintains relatively consistent Rg values throughout the
simulation, averaging around 1.92–1.94 nm. More importantly,
it shows less fluctuation compared to the reference drug
erlotinib (black line), especially in the 30–50 ns range. This
suggests that naringenin forms a more stable complex with
JAK1, potentially indicating better binding characteristics. When
compared with the reference drug erlotinib, both fisetin (red)
and tylophorinidine (blue) show slightly lower Rg values
(around 1.88–1.90 nm) during the middle phase of the
simulation, which might indicate a more compact complex
structure.
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3.8. Interaction of ligands with binding pocket of
the target protein

The examination of the interaction between ligands and target
protein pocket offers information about the ligand’s binding potential
as well as the interacting residues of the protein’s active site
(Table 5). Fisetin has a broad interaction profile, indicating
considerable binding potential. Its van der Waals (VDW)
interactions with nine residues (Gly882, Glu883, Lys908, Val938,
Met956, Phe958, Leu959, Pro960, Gly1020) ensure the complex’s
overall stability. The existence of a hydrogen bond with Arg1007
(2.67 Å) is crucial since hydrogen bonds are stronger than VDW
forces. The short bond length (2.67 Å) suggests a strong
interaction. Fisetin additionally establishes several pi-sigma

interactions with leucine residues (Leu881, Leu889, Leu1010) at
distances of 3.61–3.95 Å, as well as pi-alkyl interactions with
Leu881, Leu889, and Ala906 at distances of 4.80–5.30 Å. These
pi interactions, although less strong than hydrogen bonds, serve a
vital function in the overall binding affinity by providing
hydrophobic stabilization. Napabucasin demonstrates a somewhat
distinct interaction pattern. It creates VDW interactions with nine
residues such as Gly882, Lys888, and Met956, among others,
ensuring baseline stability. Its pi-sigma interactions with Leu881
(3.55 Å), Val889 (3.86 Å), and Leu1010 (3.65 Å) occur at ideal
distances for robust interactions. The pi-alkyl interactions with
four residues (Leu881, Val889, Ala996, Leu1010) at distances
ranging from 3.97 to 5.15 Å indicate effective hydrophobic
stabilization. Significantly, napabucasin does not engage in

Figure 4. Schematic representation of phytochemicals with active site of JAK1: (a) fisetin, (b) napabucasin, (c) naringenin, and (d)
tylophorinidine
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hydrogen bonding, potentially leading to a marginally reduced
binding affinity when compared to fisetin. Naringenin exhibits a
comparatively simple interaction profile. It forms VDW
interactions with ten residues, offering extensive yet possibly less
potent overall stabilization. It features carbon-hydrogen interaction
with Gly962 at 3.50 Å and pi-sigma interactions with Leu881
(3.66 Å) and Leu1010 (3.64 Å). The pi-alkyl interactions with
Val889 (4.54 Å) and Ala906 (4.70 Å) occur at greater distances
relative to other ligands. The lack of hydrogen bonding and
reduced overall interactions may indicate a weaker binding
affinity in comparison to fisetin and napabucasin. Tylophorinidine
has the most comprehensive interaction network. It has VDW
contacts with ten residues, a carbon-hydrogen interaction with
Gly1020 (3.48 Å), and a strong hydrogen bond with Asn1008 at
2.35 Å, which is the shortest among all ligands, suggesting a very
strong connection. The pi-sigma interactions between Leu881
(3.96 Å) and Val889 (3.77 Å) increase stability, and they exhibit
impressive pi-alkyl interactions with eight different residues at
distances ranging from 3.84 to 5.36 Å. Figure 4 (a–d) depicts the
interactions schematically.

4. Conclusion

This computational analysis offers in-depth perspectives on
possible phytochemical JAK1 inhibitors for cancer treatment.
Utilizing sophisticated computational methods, we examined and
assessed various phytochemicals from the NPACT database,
concentrating on their ability to block JAK1, an essential enzyme
in cancer development. Fisetin appeared as the most promising
candidate, showcasing remarkable traits across various analytical
aspects. It demonstrated the greatest potential as a kinase
inhibitor, with an activity probability (Pa) of 0.950, and displayed
exceptional binding affinity to the JAK1 protein. MD simulations
validated its binding stability, as RMSD values closely matched
those of the reference drug erlotinib, suggesting possible
therapeutic efficacy. The thorough evaluation comprised
molecular docking, PASS analysis, ADME/T profiling, and drug-
likeness assessment. These computational methods together
indicated fisetin’s promise as a natural alternative for JAK1
inhibition in cancer therapy. Importantly, its interaction studies
showed considerable binding interactions with the JAK1 protein,
featuring a strong hydrogen bond with the Arg1007 residue. The
research demonstrates the power of computational drug discovery
approaches in rapidly and cost-effectively identifying potential
anticancer agents targeting the JAK/STAT signaling pathway,
offering a valuable preliminary screening method for future
therapeutic investigations.
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