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Alzheimer’s disease (AD) is a progressive neurodegenerative disorder with no cure, and JNK3, a kinase expressed in the brain,
has emerged as a promising therapeutic target due to its role in neuronal death. This research uses computational approaches
to identify small-molecule inhibitors of JNK3 that may interrupt disease progression and offer new therapeutic possibilities.
Analysis of the JNK3 binding site, followed by virtual screening and docking, highlighted several compounds with strong
predicted interactions at key residues. Subsequent ADME and toxicity assessments further narrowed the set to molecules
with favorable drug-like characteristics and no major predicted safety concerns. While these results are predictive rather than
experimental, they reveal promising chemical scaffolds that merit future biological validation and are promising starting points

for future JNK3-targeted Alzheimer’s drug development.
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Introduction

Alzheimer’s disease is a progressive and currently incur-
able neurodegenerative disorder characterized by memory
loss, cognitive decline, and behavioral changes, and it re-
mains one of the most significant global health challenges 2.
Alzheimer’s disease is characterized by the accumulation of
amyloid-beta (Af) plaques, tau neurofibrillary tangles, and
chronic neuroinflammation®. A plaques are formed when
fragments of a protein called amyloid precursor protein (APP)
are cut by enzymes like a-, 8-, and y-secretase™. At high con-
centrations, Af disrupts brain function by triggering inflam-
mation and causing toxic depolarization of neurons®. Sim-
ilarly, Tau protein, which normally helps stabilize the struc-
ture of neurons, becomes hyperphosphorylated in AD, form-
ing neurofibrillary tangles that block cell transport and trigger
cell death®Z,

Current treatments, such as acetylcholinesterase inhibitors
like Donepezil, temporarily improve symptoms by increas-
ing acetylcholine availability, but do not alter the underly-
ing disease processes®'!. As neurodegenerational progresses,
these symptomatic treatments lose effectiveness, underscoring
the need for therapies that intervene directly in the molecular
pathways driving AD pathology'.

One promising area of research focuses on enzymes called
mitogen-activated protein kinases (MAPKSs), especially a type
called c-Jun N-terminal kinase 3 (JNK3)1%14 Elevated INK3
levels have been found in the cerebrospinal fluid (CSF) of
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Alzheimer’s patients, correlating with cognitive decline and
co-localizing with A plaques, while JNK1 and JNK2 lev-
els remain unchanged®!®. In AD, JNK3 is highly active
in regions with A plaques and Tau tangles, and promotes
Tau phosphorylation, neuroinflammation, mitochondrial dys-
function, and cell death-all key features of Alzheimer’s pro-
gression'l?. JNK3 has been reported to phosphorylate APP
at Thr668, and its levels are elevated in the cerebrospinal
fluid of Alzheimer’s patients, where it is associated with Af
plaques®.

JNK3 has emerged as a highly attractive target for therapeu-
tic intervention and inhibiting it could potentially slow or halt
disease progression'®. Given its strong link to disease pro-
gression and pathology, scientists have been working on two
main types of JNK3 inhibitors: reversible and irreversible?".
Among the reversible inhibitors, SP600125 was found to com-
petitively bind to the ATP-binding site of INK3, thereby pre-
venting activation of the JNK3 signaling pathway and reduc-
ing neuronal apoptosis?!. Similarly, AS602801 has demon-
strated the ability to block JNK3 phosphorylation and reduce
the expression of caspase-3, a key protein involved in cell
death pathways?2. In addition to these reversible inhibitors,
irreversible compounds like JNK-IN-8 bind permanently and
have shown strong effects in reducing inflammation by calm-

ing overactive immune cells in the brain®3.

Beyond kinase inhibition, another approach targets the
interaction between JNK3 and scaffold proteins such as
JIP1, B-arrestin2, and PSD95, which organize JNK3 sig-
naling at postsynaptic sites?*. Peptide inhibitors like D-
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JNKI1 disrupt these protein-protein interactions and have been
shown to prevent APP and Tau phosphorylation while re-
ducing neurodegeneration in preclinical studies®. These
protein-interaction inhibitors offer greater specificity than
ATP-competitive molecules, helping minimize off-target ef-
fects arising from kinase homology within the JNK family°.

Methodology

Analysis of binding sites in JNK3

ProteinPlus

A structure-based computational approach was used to
identify potential ligand-binding sites on JNK3.  The
crystal structure of JNK3 (PDB ID: 7KSJ) was selected
for analysis because it represents a high-resolution co-
crystal structure bound to a potent and selective small-
molecule inhibitor. Binding site prediction was performed
using the DoGSiteScorer module implemented in Protein-
Plus (https://proteins.plus/), a web-based platform for protein
structure analysis. Three-dimensional visualizations were an-
alyzed to assess pocket accessibility and suitability for small-
molecule binding.

FT site

After locating the binding sites, it was necessary to use FT
site (https://ftside.bu.edu/) to evaluate the energetic favorabil-
ity of the identified binding pockets and determine whether or
not the interaction was favorable. The same JNK3 structure
was submitted, and the tool identified residues forming en-
ergetically favorable binding regions through fragment-based

mapping.

Prankweb

The third computational experiment focused on validating
whether at least one JNK3 binding site possessed both favor-
able geometric and energetic properties required for effective
ligand binding. Binding site prediction was performed us-
ing PrankWeb (https://prankweb.cz/), which applies machine
learning models trained on known protein—ligand complexes
to identify and rank potential binding pockets. The JNK3
structure was analyzed to generate ranked binding sites along
with residue-level probability scores and three-dimensional
visualizations. These outputs were used to identify high-
confidence binding pockets suitable for subsequent virtual
screening and docking studies.

Virtual screening to discover small-molecule binders for
JNK3

Pharmit: The virtual screening of JNK3 was conducted
using Pharmit (https://pharmit.cs.pitt.edu/). Pharmacophore

models were generated based on key interaction features de-
rived from the predicted binding pocket, including hydro-
gen bond donors, hydrogen bond acceptors, hydrophobic fea-
tures, and aromatic features, which represent common inter-
actions required for effective kinase inhibition. Binding site
water molecules were ignored during pharmacophore model-
ing. Multiple pharmacophore maps were constructed to ac-
count for potential variability in ligand—protein interactions.
Virtual screening was conducted against the MolPort chemi-
cal library, which contains commercially available, drug-like
compounds.

Molecular docking to evaluate binding affinity of selected
compounds to JNK3

SwissDock: Following pharmacophore-based virtual screen-
ing, the top 15 compounds were selected for molecular dock-
ing analysis. This subset size was chosen to allow detailed
evaluation within the time constraints of the study, as exhaus-
tive docking of the full compound library was not feasible.
Molecular docking was performed using the SwissDock web
server (https://www.swissdock.ch/) to predict ligand—protein
binding modes and relative binding affinity toward JNK3. Lig-
and structures were provided in Simplified Molecular Input
Line Entry System (SMILES) format, obtained from the Mol-
Port chemical library (https://www.molport.com/shop/index).
The crystal structure of JNK3 was used as the target protein
with the co-crystallized ligand removed and water molecules
ignored. All protein chains were retained, and protonation
states were automatically assigned by the server. Docking
was conducted using a blind docking approach in which the
entire protein surface was considered as the search space to
avoid bias toward a predefined binding site. For each ligand,
SwissDock generated multiple binding poses clustered based
on structural similarity, and binding affinity estimates were re-
ported using both the SwissParam scoring function and the AC
score.

Determining drug suitability

SwissADME: To determine whether the top five docked com-
pounds possessed favorable characteristics for use in the hu-
man body, their drug-likeness profiles were analyzed using
SwissADME (https://www.swissadme.ch/). For each com-
pound, the corresponding SMILES code was retrieved and in-
putted into SwissADME. The platform predicted key physic-
ochemical and pharmacokinetic parameters relevant to oral
drug development and were used to assess the suitability of
each compound for further development as a potential thera-
peutic agent.
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Toxicity assessment of selected compounds

ProTox: Following the identification of compounds that com-
plied with Lipinski’s rule of five, toxicity risk was eval-
uated using ProTox 3.0 (https://tox.charite.de/
protox3/index.php?site=home#). Ligand structures
were provided in SMILES format. ProTox was used to gener-
ate in silico toxicity predictions, which were used to assess the
relative safety of the selected compounds and prioritize candi-
dates for further analysis.

Results

Detection of JNK3 Binding Sites

In the first digital experiment, the goal was to confirm the pres-
ence of potential binding sites on the JNK3 protein. The tool
successfully identified 12 distinct binding pockets, each evalu-
ated based on volume (A3), surface area (A?), and drug score.
These parameters help assess how suitable a pocket may be
for binding.

Fig. 1 Predicted ligand-binding sites on JNK3 generated using
ProteinPlus, shown on the protein backbone (purple ribbon), with
colored meshes representing all available binding pockets. (See
Figure 1 in source text)

The visual 3D rendering of the protein structure in figure 1
shows all predicted binding sites in color. Larger pockets like
P_0 (yellow) appear prominently, confirming their accessible
positions on the protein surface.

A key concept in evaluating the size of the binding site is
the Angstrém (A), a unit of length commonly used to describe
atomic and molecular dimensions. In this context, volume is
expressed in cubic Angstroms (A3). A binding pocket’s vol-

Table 1 Binding site properties of JNK3 predicted by ProteinPlus

Name Volume A>  Surface Area A>  Drug Score
PO 1282.56 1509.52 0.81
P_1 532.99 1200.52 0.84
P_10 107.2 95.38 0.29
P_11 105.34 271.56 0.25
P2 264.64 475.13 0.61
P23 247.42 320.31 0.6
P4 234.5 324.9 0.61
P_5 180.99 394.74 0.31
P_6 160.77 261.13 0.33
P77 144.13 312.79 0.31
P_8 125.95 298.24 0.3
P9 112.7 300.34 0.37

ume is crucial-ideal volumes typically fall between 300 and
1200 A3, which corresponds to the size range suitable for
small molecule drugs. Pockets below 300 A3 are generally
too small to accommodate drug-like molecules, while pock-
ets above 1200 A3 may be too large. In the chart, only two
pockets—P_0 and P_1- fall within or slightly above the optimal
volume range. P_0 is 1282.56 A3 with a drug score of 0.81 and
P_1is 532.99 A3 with a drug score of 0.84. The remaining 10
pockets have volumes below 300 A3, making them likely too
small to serve as effective binding sites for drugs.

Following the identification of potential binding sites, the
second experiment focuses on assessing the energetic favora-
bility of small molecules binding at these sites. If the interac-
tion at a given binding site is energetically unfavorable, small
molecules would likely be “kicked out” or fail to bind effec-
tively.

In figure 2, the gray ribbon represents the backbone of
the JNK3 protein, while the colored mesh areas indicate the
predicted binding sites based on energetic favorability. Any
amino acid whose side chain is close enough (within 5 A)
to interact with the binding site is shown with detailed atoms
(ball and stick).

The third experiment aimed to identify at least one bind-
ing site that met both key criteria: optimal size and favorable
energetic interactions.

Table 2 Binding sites ranked by PrankWeb in JNK3

Rank Score Probability # of residues
1 30.93 0.922 32

2 1.47 0.020 8

3 0.80 0.003 8

While only one such site would have been good, the ex-
periment generated three predicted binding sites. In the chart
above, the different binding sites were ranked. It also includes
additional parameters such as probability, number of residues,
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Fig. 2 Predicted energetically favorable binding sites on JNK3 from
FT site, with pink, purple, and green regions indicating binding sites
on the protein backbone (grey ribbon). (See Figure 2 in source text)

and average conservation. The number of residues refers to
the number of amino acids. Binding site 1 stood out with a
score of 30.93, a probability of 0.922, and 32 residues, reflect-
ing strong binding site quality, as higher scores indicate bet-
ter binding sites. In contrast, binding sites 2 and 3 had much
lower scores (1.47 and 0.80, respectively), very low probabil-
ities, and only 8 residues each.

Pharmacophore mapping and compound summary

Pharmacophore maps

A pharmacophore map represents the essential interactions
a ligand must have to bind a target protein effectively. It con-
sists of three elements: the number of interactions, the relative
distances between them, and the type of interactions.

Table 3 Pharmacophore maps of JNK3 generated from Pharmit.
Panels A-D show Maps 1-4, highlighting the key chemical features
predicted to interact with ligands. Hydrogen bond donors are shown
in blue, hydrogen bond acceptors in red, and hydrophobic regions in
green. (Visual content described in text)

&
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Map 1 (Panel A) emphasizes hydrophobic interactions in
the ATP-binding pocket, whereas Map 2 (Panel B) highlights
polar contacts with hinge region residues. Map 3 (Panel C)

Fig. 3 Predicted ligand-binding hot spots on JNK3 generated by
PrankWeb, with red, orange, and yellow regions indicating high,
moderate, and low binding potential, respectively, and white regions
representing areas with minimal predicted binding. (See Figure 3 in
source text)

and Map 4 (Panel D) reveal additional aromatic and hydropho-
bic hotspots. These maps collectively guide the selection of
candidate compounds for docking studies, showing multiple
potential binding modes in the JNK3 active site.

Drug compounds overlaid on pharmacophore maps

A total of 15 compounds were selected based on their low
RMSD values across four different pharmacophore maps.

The goal of this virtual screening was to identify drug candi-
dates that best fit the pharmacophore map of JNK3 by screen-
ing a large compound library. The quality of fit between each
drug and the pharmacophore is quantitatively measured using
the Root Mean Square Deviation (RMSD) score, which indi-
cates how closely the chemical features of the compound align
with the pharmacophore’s interaction points. RMSD values
change from O to 1, where lower values represent better align-
ment and smaller deviations from the ideal pharmacophore
geometry. Compounds were considered “top” candidates if
they exhibited RMSD values below 0.6. Among the 15 top-
ranked compounds identified, MolPort-046-570-060 demon-
strated the strongest alignment with an RMSD of 0.364, fol-
lowed closely by MolPort-007-599-667 (0.393) and MolPort-
007-800-966 (0.396). The compounds were associated with
pharmacophore maps 2, 3, and 4, suggesting that multiple in-
teraction models of JNK3 may be suitable for ligand recog-
nition. The majority of the selected compounds had RMSD
values below 0.41, indicating a strong overall fit to their re-
spective pharmacophore models. To further validate these
pharmacophore-selected compounds and assess their binding
feasibility within the JNK3 active site, molecular docking
analyses were performed.
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Table 4 Overview of selected drug compounds by pharmacophore
map and RMSD value

Compound Name RMSD Map # Overlay
MolPort-046-570-060 0.364 Map 4 _\).1‘:‘
o g
MolPort-007-599-667 0.393 Map 3 f\ "w
MolPort-007-800-966 0.396 Map 2 Ow n
MolPort-000-807-538 0.396 Map 4 éEf% 0
MolPort-007-800-981 0397  Map2 &2 "
B/
MolPort-010-886-054  0.398 Map 3 g
MolPort-007-801-068 0.400 Map 2 X =
MolPort-007-800-902 0.401 Map 2 O}o,\( o
MolPort-007-801-004 0.402 Map 2 @‘ %
MolPort-007-800-966 0.405 Map 2 wn
«W“-Q
MolPort-007-947-748 0.455 Map 3 g
MolPort-007-947-737 0.456 Map 3 o
MolPort-000-781-862 0.458 Map 4 L‘\'
MolPort-007-890-107 0.588 Map 1 -%)J
MolPort-002-700-980  0.590 Map 1 —ﬁ{ﬂ‘

Docking site visualization and binding positions

Docking grid parameters and box size

Before initiating the molecular docking process, the dock-
ing grid was carefully defined. The grid box was centered at
(19, 16, 25) with dimensions of 29 Ax41 Ax50A, ensuring
full coverage of the protein. This is crucial because it allows
the docking algorithm to explore all possible ligand binding
conformations within the entire active site.

Docking results: binding poses of ligands

The Approximate Free Energy (AC) score provided by
SwissDock is the primary metric used to evaluate and rank
docking poses in this study. The AC score is a composite scor-
ing function that estimates the favorability of ligand—protein

Fig. 4 Docking grid for INK showing the search space (purple
cube) that encompasses the entire protein to allow comprehensive
ligand docking. (See Figure 4 in source text)

interactions by combining several energetic contributions. Al-
though reported in units of kcal/mol, the AC score repre-
sents a relative docking score rather than an experimentally
derived thermodynamic binding free energy. In the context
of SwissDock, more negative AC scores indicate more favor-
able predicted interactions between the ligand and the target
protein. These values are best interpreted comparatively, al-
lowing ligands docked to the same protein under identical
conditions to be ranked based on their predicted binding fa-
vorability. For each compound, the reported results corre-
spond to the most favorable docking pose from a single dock-
ing run, with no averaging across multiple independent runs.
Across the 11 docked compounds, AC scores ranged from
—22.76 to +39.99, indicating substantial variation in predicted
binding favorability. The most favorable AC scores were ob-
served for MolPort-007-890-107 (-22.76), MolPort-007-947-
748 (-21.00), MolPort-007-801-004 (-17.70), MolPort-007-
800-981 (-16.93), and MolPort-007-800-902 (-11.68). These
compounds were therefore prioritized for further analysis, as
their more negative AC scores suggest more stable predicted
interactions with the JNK3 binding site. SwissParam scores
were reported alongside AC scores as a supplementary metric
but were not used for pose ranking, as they provide a rapid
approximation rather than a rigorous ranking criterion. To
provide a reference framework for interpreting docking re-
sults, three known JNK3 inhibitors (SP600125, AS602801,
and JNK-IN-8) were redocked into the JNK3 structure using
the same SwissDock protocol. Docking poses were ranked
using the AC score, with SwissParam scores reported for
comparison. JNK-IN-8 exhibited a markedly more favorable
AC score (—54.78) than SP600125 (+34.35) and AS602801
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Table 5 Predicted binding affinities of compounds docked to JNK3

Compound AC Score  Binding En-
ID ergy (AG)

Docking position

MolPort- -8.5664 g
007-890-

107

-22.7619

MolPort-
007-947-
748

-20.997 -9.3242

MolPort- -8.9406 C"?
007-801-

004

-17.7039

MolPort-
007-800-
981

-16.9256  -9.0754

MolPort-
007-800-
902

-11.6781 -8.9271

MolPort- -8.3448 " (FR
007-800-

966

-11.1595

MolPort- -8.5738 L
007-800-

966

-9.6187

MolPort-
007-801-
068

-5.4001 -8.8737

MolPort-
000-807-
538

14.8036 -7.4560

MolPort-
010-886-
054

15.7358 -8.0360

MolPort- -9.5715 a2V B
002-700-
980

Binding Energy units: kcal/mol

39.9992

Table 6 Docking results of known JNK3 inhibitors (reference
compounds)

Compound AC Score  Binding Docking position
ID Energy
(AG)

SP600125 34.348106 -7.2873

Binding En-
AS602801 20.4356 -8.5090
JNK-IN- -54.7782 -8.7585
8

ergy units: kcal/mol

(+20.44), consistent with its known high potency and irre-
versible binding mechanism. However, strong predicted bind-
ing alone does not guarantee in vivo effectiveness; therefore,
ADME analysis was conducted to assess whether these com-
pounds exhibit drug-like properties necessary for absorption.

Predicted pharmacokinetic properties

Following molecular docking, the top seven compounds were
further analyzed to assess their drug-likeness and pharma-
cokinetic potential using SwissSADME. This evaluation was
based on Lipinski’s Rule, a set of guidelines that help pre-
dict whether a compound is likely to be effective in the hu-
man body. According to the rule, a compound is consid-
ered suitable if it has a molecular weight under 500 g/mol,
as smaller molecules can be quickly absorbed and metabo-
lized. Also, it cannot have more than 10 hydrogen bond ac-
ceptors, no more than 5 hydrogen bond donors, and a calcu-
lated logP no greater than 5, which ensures a balance between
aqueous solubility and lipid membrane permeability. Most of
the seven compounds fully satisfied all four Lipinski crite-
ria, suggesting favorable drug-like properties. MolPort-007-
801-068, MolPort-007-800-966, MolPort-007-800-902, and
MolPort-007-800-981 met all requirements, exhibiting opti-
mal molecular weights, acceptable hydrogen bonding pro-
files, and iLogP values in the range of 3.11-3.73, indicating
good membrane permeability without excessive lipophilicity.
MolPort-007-947-748 slightly exceeded the molecular weight
cutoff (500.93 g/mol), but only marginally, suggesting it may
still retain favorable drug-like characteristics. MolPort-007-
890-107 had an iLogP of 4.69, close to the upper limit of 5,
indicating it strongly favors the lipid phase, which could affect
solubility. Conversely, MolPort-007-801-004 had a slightly
lower iLogP (2.60), suggesting it is less lipophilic and may
have reduced membrane permeability compared to the other
top compounds. SwissADME analysis was also performed on
known JNK3 inhibitors (SP600125, AS602801, and JNK-IN-
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Table 7 SwissADME derived ADME profiles of selected drug
compounds

Table 9 ProTox-predicted toxicity classification of selected
compounds

Compound MW Acc  Don iLOGP  Sol GI Compound LD50 (mg/kg) Class  Active Toxi- Chart
abs city
MolPort-  487.61 4 1 4.69 poor  high
007-890-
107 MolPort- 1000 4 Neurotoxicity,
MolPort- 50093 6 2 3.58 poor  low 007-801- Respiratory
007-947- 068 toxicity,
748 Clinical
MolPort-  458.57 5 2 2.60 poor  low toxicity
007-801-
004
MolPort- 446.52 6 2 3.20 mod low MolPort- 1000 4 Neurotox.
007-800-
081 007-800- resp tox,
MolPort- 43052 5 2 311  mod low 966 s
007-800- . .
barrier, clin
902 tox, Thyroid
MolPort- 44459 4 2 3.29 poor low hor’mone
007-800- receptor
966 beta
MolPort-  470.61 5 2 3.73 poor low
007-801-
068
MW: Molecular weight (g/mol), Acc: # H-bond acceptors, Don: # H-bond MolPort- 1000 4 Hepatotox,
donors, Sol: Solubility, GI abs: GI absorption, mod: moderate 007-800- neuro-
981 tox, resp
tox, BBB-
Table 8 SwissADME predicted ADME properties of known JNK3 barrier, clin
inhibitors tox, Thyroid
Compound MW Acc  Don iLOGP Sol GI abs hormone
SP600125  220.23 2 1 1.49 mod  high receptor
AS602801 45755 7 0 3.88 mod  high beta
JNK-IN-8 507.59 6 3 4.09 mod  high
MW: Molecular weight (g/mol), Acc: # H-bond acceptors, Don:
# H-bond donors, Sol: Solubility, GI abs: GI absorption, mod: moderate MolPort- 1000 4 Neurotox,
007-800- resp tox,
902 carcinogen,
8) with all three showing high predicted gastrointestinal ab- BBB-

sorption. JNK-IN-8 slightly exceeded the 500 g/mol weight
limit and had a relatively high iLogP (4.09), indicating greater
lipophilicity, while SP600125 met all Lipinski criteria but had
a very low iLogP (1.49), making it highly hydrophilic. In con-
trast, AS602801 satisfied all requirements and exhibited bal-
anced properties. Given that many drug candidates fail during
development due to unacceptable toxicity despite promising
pharmacokinetics, toxicity prediction was conducted as a crit-
ical next step.

Toxicity profiles and FDA comparative analysis

After choosing the compounds with the best ADME profile,
their toxicity was evaluated using two key measures: LD50
and toxicity class. The LD50 (lethal dose 50%) represents

barrier, clin
tox, Thyroid
hormone
receptor
beta

the estimated amount of a substance required to cause death
in 50% of a test population. The higher the value, the less
toxic the compound is considered. Toxicity class ranks com-
pounds from 1 (extremely toxic) to 6 (non-toxic), with class
3 or higher generally considered acceptable for drug devel-
opment. All four selected compounds had an LD50 value of
1000 mg/kg, placing them in toxicity class 4, considered low
in toxicity. To evaluate their toxicity in greater detail, radar
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Table 10 ProTox-predicted toxicity endpoints of known JNK3
inhibitors
Compound LD50 Class

Active Toxicity Chart

SP600125 500 4 Hepatotox, Neuro-

tox, BBB-barrier,

Ecotox, Mito.
memb. pot.,
Phosphopro-

tein, Transtyretrin,
CYP1A2, CYP2C9,
CYP3A4, CYP2E1

AS602801 957 4 Neurotox, Resp
tox, BBB-barrier,
Ecotox, Clin tox,

CYP2C9, CYP2D6

JNK-IN-8 595 4 Neurotox, Resp tox,
Immunotox, BBB-

barrier, Clin tox

LD50 units: mg/kg

charts were used to visualize each compound’s active toxicity
endpoints. In these charts, the orange dot represents the aver-
age for active molecules, and predicted endpoints (blue) below
this limit are considered less concerning in terms of toxicity.

MolPort-007-801-068 showed three active toxicity end-
points, all of which were below the reference limit. MolPort-
007-800-966 exhibited multiple predicted endpoints, with res-
piratory toxicity reaching the reference threshold while all
other endpoints remained below it. MolPort-007-800-902 dis-
played six active toxicity endpoints, with respiratory toxicity
slightly exceeding the reference limit and the remaining end-
points falling below it. MolPort-007-800-981 also showed six
active toxicity endpoints; however, five were below the refer-
ence threshold and only one reached the average activity level.
Although some compounds had one active toxicity endpoint at
or slightly above the reference, all four compounds remain el-
igible for advancement, as drugs may still proceed if no more
than one active toxicity endpoint exceeds the defined limit.

Known JNK3 inhibitors were also evaluated using ProTox
to provide a reference for interpreting the toxicity profiles of
the screened compounds. SP600125 was predicted to have 11
active toxicity endpoints. Of these, six endpoints exceeded the
reference threshold indicated by the orange marker in the tox-
icity radar chart, suggesting a comparatively higher predicted
toxicity burden. AS602801 showed seven active toxicity end-
points, with one endpoint exceeding and one marginally ex-
ceeding the reference threshold, while the remaining end-
points stayed below the limit. JNK-IN-8 displayed five active

toxicity endpoints, two of which crossed the reference thresh-
old. Overall, while all three reference inhibitors exhibited ac-
ceptable acute toxicity classifications, their toxicity radar pro-
files revealed multiple elevated endpoints.

Discussion

Several JNK3 inhibitors, including SP600125, AS602801, and
JNK-IN-8, have been studied extensively but face limitations
that reduce their clinical potential. Poor membrane perme-
ability, indicated by very low iLogP values (e.g., SP600125,
iLogP = 1.49), limits their ability to efficiently cross lipid
membranes and reach intracellular targets, potentially reduc-
ing efficacy in vivo. Additionally, toxicity concerns associated
with these inhibitors, including hepatotoxicity and neurotoxi-
city, may hinder their therapeutic development.

In contrast, my computational analysis identified novel
compounds, including MolPort-007-890-107, MolPort-007-
947-748, MolPort-007-801-004, and MolPort-007-800-981,
with stronger predicted binding to JNK3, reflected by their
highly negative AC scores. Beyond binding affinity, these
compounds also show favorable ADME profiles, with ap-
propriate molecular weight, hydrogen bonding capacity, and
lipophilicity, suggesting improved pharmacokinetic properties
over the reference inhibitors. Toxicity predictions indicate
minimal active endpoints exceeding reference limits for the
newly identified compounds, highlighting a lower potential
for side effects compared to the known inhibitors. SP600125,
AS602801, and JNK-IN-8 showed multiple active toxicity
endpoints above the reference threshold, with SP600125 ex-
hibiting six such endpoints, suggesting a higher risk of adverse
outcomes that could limit their in vivo applicability.

Notably, compounds like MolPort-007-800-981 and
MolPort-007-800-902 combine moderate solubility with
balanced lipophilicity, which may further enhance in vivo
absorption and distribution. These findings have meaningful
implications for therapeutic development. Safer and more
permeable JNK3 inhibitors could achieve effective target
inhibition in the brain, offering potential new strategies for
treating neurodegenerative diseases. Additionally, reduced
predicted toxicity suggests these compounds may be suitable
for chronic administration with lower risks of liver or neuro-
logical side effects. Collectively, the combination of predicted
efficacy, favorable pharmacokinetics, and improved safety
supports the potential of these compounds as candidates
for further in vivo validation. While these predictions are
encouraging, experimental studies are required to confirm
binding affinity, pharmacokinetics, and safety, which will
determine their true translational potential as therapeutics.
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Limitations

While this study presents promising drug candidates for JINK3
inhibition, several limitations should be acknowledged. Only
three high quality binding sites were identified, restricting the
range of possible interactions with small-molecule inhibitors.
Additionally, the limited number and narrow shape of these
pockets may pose challenges in designing diverse and selec-
tive compounds. Additionally, in the virtual screening phase,
only four pharmacophore maps were used, despite the avail-
ability of a wider variety that could have captured additional
structural features. Furthermore, only the top 15 compounds
were selected and screened from the MolPort database, despite
the vast number of small molecules available. The limited
scope may have excluded other strong candidates that fell just
outside the top RMSD rankings. Another important limita-
tion emerged during ADME analysis—almost all of the com-
pounds showed low gastrointestinal (GI) absorption, which
may impact their effectiveness as orally administered drugs.

Conclusion

Alzheimer’s disease is a devastating progressive brain con-
dition characterized by ongoing brain cell damage, memory
loss, and cognitive decline. JNK3 is a critical kinase pre-
dominantly expressed in the brain and plays a central role in
the progression of Alzheimer’s disease by promoting neuronal
death and inflammation. Its strong involvement in these dam-
aging processes make JNK3 a highly important and promising
target for developing new strategies. Unlike current treatments
that only alleviates symptoms, targeting JNK3 offers the po-
tential to directly slow or stop disease progression. By design-
ing small molecules that selectively inhibit JNK3’s activity,
researchers aim to intervene in these critical pathways.

To identify potential JNK3 inhibitors, five computational
experiments were conducted using a range of specialized
web-based tools. Binding site analysis (ProteinPlus, FT
site, PrankWeb) revealed three high-quality pockets, with
PrankWeb’s top site scoring 30.93. Virtual screening of
MolPort compounds via Pharmit against 4 pharmacophore
maps yielded 15 candidates with low RMSD values, in-
cluding MolPort-046-570-060 (0.364), MolPort-007-599-667
(0.393), and MolPort-007-800-966 (0.396), showing excellent
structural compatibility. Molecular docking with SwissDock
found MolPort-007-890-107 had the strongest predicted bind-
ing (-22.76), followed by MolPort-007-947-748 (-20.997),
MolPort-007-801-004 (-17.7039), and MolPort-007-800-981
(-16.9256), and these compounds were therefore prioritized
for further analysis.

To evaluate sustainability in the human body, 7 com-
pounds were analyzed using SwissADME for drug-likeness.
MolPort-007-801-068, MolPort-007-800-966, MolPort-007-

800-902, and MolPort-007-800-981 all had optimal molec-
ular weight (<500 g/mol), good hydrogen bond parameters,
and logP values within the optimal range (3.11-3.73), indi-
cating good permeability and balanced lipophilicity. Among
these, only MolPort-007-800-981 and MolPort-007-800-902
exhibited moderate solubility, while the rest of the compounds
showed low solubility, meaning they are more likely to dis-
solve adequately, improving absorption.

Toxicity assessment using ProTox showed that all four com-
pounds had predicted LD50 values of 1000 mg/kg, placing
them in toxicity class 4, which corresponds to low acute
toxicity. MolPort-007-801-068 displayed no active toxicity
endpoints above reference limits, while MolPort-007-800-966
and MolPort-007-800-902 each showed a single endpoint at
the reference threshold. MolPort-007-800-981 exhibited mul-
tiple predicted toxicity endpoints, with five remaining below
the reference limit and one at the threshold. Overall, MolPort-
007-800-981 emerged as the most promising candidate, com-
bining a favorable AC score (—16.9256), an ideal molecular
weight (446.52 g/mol), moderate solubility, a balanced iLogP
value (3.20), and an acceptable predicted toxicity profile, mak-
ing it a compelling lead for further investigation.

It is important to note that this study is limited by its re-
liance on computational predictions, including single docking
runs, in silico ADME and toxicity assessments, and the ab-
sence of experimental confirmation. These limitations mean
that actual biological activity and safety may differ from the
predicted results, underscoring the need for subsequent lab-
oratory validation. Looking ahead, the next steps will focus
on translating these computational findings into experimental
validation. In the short term, the most promising drug can-
didate—particularly MolPort-007-801-068—will be obtained
for in vitro testing to evaluate their actual binding affinity, se-
lectively, and biological activity in controlled lab settings. In
the long term, successful compounds will be advanced in vivo
studies using animal models of Alzheimer’s disease to exam-
ine their pharmacokinetics, therapeutic potential, and safety in
a more complex biological system. These future efforts will
be critical in determining whether the identified inhibitors can
serve as viable leads for clinical development.
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