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Abstract

The design of new anticancer agents aims to develop powerful treatments with fewer side effects. Using the Genetic Optimi-
zation for Ligand Docking (GOLD) software, new naproxen-based compounds were designed and primarily screened for anti-
cancer efficacy by interacting with the estrogen receptor, Protein Data Bank (PDB) code: 3ERT. The new derivatives can be
synthesized by reacting naproxen with semicarbazide to form the intermediate (N) and then reacting the N with an aldehyde
(Schiff base reaction) to produce the final compounds (N1A-N9A). To anticipate the pharmacokinetics of the designed com-
pounds, computational approaches, including absorption, distribution, metabolism, and excretion (ADME) studies, were per-
formed using the Swiss ADME server. In addition, all of the designed compounds met the rule of five for M.W., H-bond
acceptor, and topological polar surface area (TPSA), but did not meet the H-bond donor and partition coefficient. Compounds
(N9A, N4A) interacting with amino acids in the active pocket of docking studies of ligands with the ER-a protein (breast cancer
protein) showed increased Piecewise Linear Potential (PLP) fitness values near the reference tamoxifen, suggesting potential
activity. Throughout the simulation period, the molecule S2 exhibited stable fluctuations, with root-mean-square deviation
(RMSD) values below 3 A when modeled in the enzyme pocket.

Rezumat

Utilizand programul Genetic Optimization for Ligand Docking (GOLD), au fost proiectati noi compusi derivati din naproxen
si evaluati preliminar pentru potentialul lor anticancerigen prin interactiunea cu receptorul estrogenic, corespunzator structurii
din Protein Data Bank (PDB), cod: 3ERT. Noii derivati pot fi sintetizati prin reactia naproxenului cu semicarbazida, formand
un compus intermediar (N), urmatd de reactia acestuia cu o aldehida (reactie de tip baza Schiff), pentru obtinerea compusilor
finali (N1A-N9A). Pentru a anticipa proprietatile farmacocinetice ale compusilor proiectati, au fost realizate analize
computationale privind absorbtia, distributia, metabolismul si excretia (ADME), utilizand serverul SwissADME. De asemenea,
toti compusii proiectati au respectat regula celor cinci in ceea ce priveste masa moleculara, numarul de acceptori de legdturi de
hidrogen si aria polara topologica, insa nu au indeplinit criteriile referitoare la numarul de donori de legaturi de hidrogen si la
coeficientul de partitie. Compusii N9A si N4A, care interactioneazd cu aminoacizii din situsul activ in studiile de andocare
moleculard ale ligandului cu proteina ER-a (proteind asociata cancerului de san), au prezentat valori crescute ale parametrului
Piecewise Linear Potential fitness, apropiate de cele ale compusului de referinta tamoxifen, sugerand un potential efect biologic
relevant. Pe parcursul simuldrii, molecula S2 a prezentat fluctuatii stabile, valorile deplasarii medii patratice mentinandu-se
sub3 A.
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Introduction spread is becoming increasingly important in cancer
research. Nonsteroidal anti-inflammatory medica-
tions (NSAIDs) are now being studied for their po-
tential as an anti-tumor therapeutic agent on a world-
wide scale (2). Our current understanding of the
functional relationship between inflammation and
cancer began with Rudolf Virchow's 1863

To create effective policies for cancer prevention,
screening, and diagnosis, it is necessary to have a
thorough understanding of cancer epidemiology,
which can shed light on potential causes and popula-
tion trends (1). The study of chronic inflammation
and the mediators it releases as tumors form and
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hypothesis, according to which cancer develops at
the site of persistent inflammation (3).

The molecular mechanisms through which NSAIDs
exert their chemopreventive effects remain a topic of
debate. The most widely held theory is that they
lower prostaglandin levels by inhibiting cyclooxy-
genase (COX-1 and 2) (4). Greater prostaglandin E2
(PGE2) levels in breast cancer patients have been
linked to COX-2 overexpression (5).

Interestingly, PGE2, a well-known prostaglandin de-
rived from COX-2, alters the local tumor microenvi-
ronment to promote the growth and metastasis of
cancer cells. Therefore, substances that are more ef-
fective at reducing PGE2 in cancer cells are particu-
larly desirable (6). Inflammation plays a key role in
the development and spread of tumors and is inti-
mately linked to cancer (7). Chronic inflammation
contributes to the development of cancer by encour-
aging angiogenesis, metastasis, and proliferation
while also lowering the immune system's and
chemotherapeutic drugs' responses. That's why anti-

inflammatory drugs are essential for cancer therapy
and prevention, whether used alone or in combina-
tion with chemotherapeutic agents (5).

The use of NSAIDs increases apoptosis and reduces
cell migration, thereby disrupting the tumor micro-
environment. These drugs have been associated with
a decreased risk of developing cancer in a number of
different cancer types, including those of the breast,
prostate, colon, ovaries, and head and neck (6).
Since NSAIDs have been shown to be effective
against cancer, and since there is strong support for
the research and development of new scaffolds that
can be used to enhance the potency and reduce the
toxicity of these drugs, we must modify one of these
compounds, naproxen, through molecular docking
or other drug design strategies (7).

The assumed synthesis pathway for the intermediate
compound (Oxadiazole derivative) by reacting
naproxen with semicarbazide and the final com-
pounds (N1A-N9A) by reacting (Oxadiazole deriva-
tive) with different aldehydes, as shown Figure 1.
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Proposed synthesis scheme of naproxen derivatives

Materials and Methods

Computational strategies

For the suggested new chemicals, Swiss ADME has
helped with ADME prediction. By using the docking
method, it was possible to foretell the ligand's orien-
tation and conformation about the target's binding
site. All molecular docking studies were carried out
on a high-performance workstation (MSI Summit
E16Flip) equipped with a 13th Gen Intel® Core™
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i7-1360P processor (2.20 GHz), 16 GB RAM, and
an NVIDIA of the compounds' ADME, as well as
other physicochemical parameters, were obtained
from the Swiss GeForce RTX 4050 Laptop GPU,
running Windows 11 Pro 64-bit.

ADME studies for final compounds

Studies ADME website (8). Using ChemAxon's
Marvin JS software, the molecular blueprints of the
novel compounds [N1A, N2A, N3A, N4A, N5A,
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NO6A, N7A, N8A, and N9A] were created. The Swiss
ADME tool was used to convert these structures to
SMILES, enabling the prediction of their physico-
chemical and pharmacokinetic properties. Lastly,
this stage used the BOILED EGG to investigate the
polarity, lipophilicity, passive gastrointestinal ab-
sorption, and brain uptake of the compounds (9).
Molecular docking studies for final compounds
Creating new compounds with desired pharmaco-
logical properties takes time and money, making
drug discovery and development a significant chal-
lenge. Because many drugs become toxic or ineffec-
tive during later stages of clinical development, this
cost has increased in part (10). Because computa-
tional technologies save researchers time, money,
and effort, they are becoming more and more popu-
lar and are becoming indispensable in the pharma-
ceutical discovery and development process (11,
12). One of these methods for predicting the ligand's
orientation and conformation inside the target's bind-
ing site is the docking approach (13). Accurate gen-
eral structural modeling and a thorough comprehen-
sion of chemical activity are the primary objectives
of docking studies (14). Docking studies were con-
ducted for the proposed compounds using the GOLD
(v5.7.1) program from the Cambridge Crystallo-
graphic Data Center (CCDC) (15). Photography,
posture estimation, bond length estimation, interac-
tion modes (hydrogen bonds or short contacts), and
visualization of ligands, receptors, active sites, and
active sites were all accomplished using the Hermes
visualizer program (v.1.10.1) (16).

Setting up ligands and receptors

The chemical structures of the compounds were
drawn using ChemDraw (v.16.0) (17). Next, we
minimized the energy of our new molecules (18) us-
ing Chem3D (v.16.0) and the MM2 force field. Once
that was done, the estrogen receptor-o (positive
breast cancer) protein and the tamoxifen metabolite
4-hydroxytamoxifen (PDB code: 3ERT) were used
as the active target's three-dimensional structure for
docking ligands (19). The receptor was then im-
ported from the PDB using the Hermes module of
GOLD (20). The docking process might be con-
firmed by re-docking the co-crystallized ligands
(21). The water molecules (HOH31, 58, and 68) that
are necessary for the protein receptor to interact with
the ligands were isolated after removing all water
molecules outside the receptor's active site (ER-a)
(22). The correct ionization and entry into tauto-
meric forms of the amino acid residues required the
addition of hydrogen atoms (23).

The receptor was ready for docking using the Her-
mes visualizer tool from the CCDC GOLD suite.
The protein binding site for the docking method was
identified within the reference ligand's (10 A) vicin-
ity. The docking technique's variables were all ini-
tialized to their default settings (24).
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The highest-ranked answer was established as the
default, early termination was not permitted, and ten
created poses were retained. For scoring purposes,
the piecewise linear potential (ChemPLP) is used
(25). At the end, the findings were stored as PDB
files. By analyzing the docked poses, optimal bind-
ing mode, and binding free energy, one might glean
valuable insights. The optimal interaction between
the proposed ligands and the receptor's amino acids
(ER-0) has been determined by analyzing these data
(26).

Molecular dynamics (MD) simulation

All MD simulations in this study were performed us-
ing the Desmond software package, applying stand-
ard protocols and default settings to ensure reliability
and reproducibility (27). The starting structures con-
sisted of the protein 3ERT and the complex with the
custom-designed ligand (28). This complex was con-
structed by selecting the optimal binding pose of lig-
and pose 1, previously determined by molecular
docking studies, and then importing the protein—lig-
and pairs into Desmond’s Maestro interface for sys-
tem setup and simulation (29). Upon import, the
complex underwent a rigorous preparation process
in Maestro (30). This included the addition of miss-
ing hydrogen atoms, assignment of correct protona-
tion states according to physiological pH, and in-
spection for any incomplete residues or atoms (31).

All non-essential crystallographic water molecules
and heteroatoms were removed to focus the simula-
tion on the primary protein—ligand interactions,
while any structurally important water molecules
were retained as needed (32). The structures were
then subjected to energy minimization using Des-
mond’s internal algorithms, which efficiently relax
local strains and resolve any unfavorable contacts
within the system (33). Following energy minimiza-
tion, the protein—ligand complex was placed in an
orthorhombic simulation box, solvated explicitly
with TIP3P water molecules to mimic the aqueous
cellular environment (34). The box was constructed
with at least 10 A of padding around the entire solute
to prevent artificial interactions due to periodic
boundary conditions (35). To further replicate phys-
iological conditions, sodium and chloride ions were
introduced to achieve a final ionic strength of 0.15
M, and additional counter-ions were added as neces-
sary to ensure overall charge neutrality (36). The
OPLS4 force field was employed for all molecular
representations, providing accurate and up-to-date
parameterization for proteins and ligands alike (37).
The system was then equilibrated and simulated un-
der the default Desmond workflow, which involves
an initial phase of NVT ensemble equilibration (con-
stant number of particles, volume, and temperature)
at 300 K, followed by a switch to the NPT ensemble
(constant number of particles, pressure, and temper-
ature) at 1 atmosphere and 300 K (38). This two-step
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equilibration protocol allows the system to reach
thermal and pressure equilibrium, thus ensuring a re-
alistic starting point for production dynamics (39).
The production MD simulations were conducted en-
tirely under the NPT ensemble, which is the standard
for modeling biological systems, as it maintains con-
stant pressure and temperature conditions closely
analogous to those inside living cells and tissues
(40).

Each production run lasted 100 nanoseconds, with a
time step of 2 femtoseconds, and trajectory data were
recorded every 10 picoseconds for detailed subse-
quent analysis (41). Throughout the simulation, a
comprehensive suite of analytical methods was em-
ployed to assess the stability and interaction dynam-
ics of the complexes (42). The RMSD of both the
protein backbone and the ligand was calculated to
monitor conformational changes and overall stabil-
ity (43).

The radius of gyration (Rg) was used to evaluate pro-
tein compactness, while the number and nature of
hydrogen bonds between ligand-pose 1 and the pro-
tein binding sites were monitored as a key metric of
binding strength and specificity (44). Additional in-
teraction analyses were carried out to visualize and
quantify the persistence of critical molecular con-
tacts (45). All analyses were performed using built-
in Desmond tools and Maestro visualization mod-
ules (46, 47).

Results and Discussion

Chemical Synthesis

To synthesize the newly designed compounds,
naproxen must be cyclized to produce an N, and this
N must react with an aldehyde (Schiff base reaction)
to produce the desired compounds (N1A-N9A). The
potential synthetic route anticipated for future stud-
ies is shown in Figure 1.

Interpretation of ADME results

The Swiss ADME server was utilized to predict the
ADME and physicochemical properties of proposed
compounds. Furthermore, ligands with an inade-
quate pharmacokinetic profile can be excluded using
this useful, cost-free method (48). One of the many
features of Swiss ADME is TPSA, which gauges
how well drugs penetrate cells. Compounds with
TPSA values less than 140 A? indicate high permea-
bility and bioavailability (49). TPSA values for all
compounds were found to be less than 140 A% With
the exception of compound N3 A, the majority of lig-
ands were well absorbed in the digestive system, in-
dicating that these compounds are highly absorbed.
Furthermore, the average bioavailability score for all
compounds is 0.55. The useful and significant pa-
rameter known as Lipinski's "rule of five" states, in
short, that compounds that are to be taken orally
should have certain properties like M.W. < 500 Dal-
ton, < 5 H-bond donor, < 10 H-bond acceptor, and
octanol-water partition coefficient (log p) < 5; other-
wise, they would have low bioavailability and per-
meability and TPSA < 140 A2, As indicated in Table
I, the results demonstrated that every designed com-
pound complied with the rule of five in M.W., H-
bond acceptor, and TPSA. Figure 2 displays the
BOILED-EGG for designed compounds. Demon-
strate that the other compounds are largely and pas-
sively absorbed from the gastrointestinal tract (GIT),
while only the compound N4A crosses the blood-
brain barrier (BBB). P-glycoprotein does not carry
compound N4A in blue dots out of the central nerv-
ous system (CNS) cells, but it does carry compounds
[N1A, N2A, N3A, N5A, N6A, N7A, N8A, and
NI9A] out of CNS cells. The presence of one com-
pound N3A outside the plot suggests that it did not
enter the BBB or get absorbed from the GIT.

These ADME predictions clinically support the no-
tion that the selected compounds have a good chance
of being effective oral therapies.

Table I
study results
H- H- BBB Bio Lipinski
i Donor | Accepter MR | TPSA(A) | GIT Absp. permeability | Activity Violation
N1A 7 7 119.57 89.97 High No 0.55 Yes, 0 violation
N2A 1 6 113.08 80.74 High No 0.55 Yes, 0 violation
N3A 0 8 126.34 11.56 Low No 0.55 Yes, 0 violation
N4A 7 5 125.27 63.75 High No 0.55 Yes, 0 violation
N5A 0 5 111.06 60.51 High Yes 0.55 Yes, 0 violation
. Yes, 1 Violation
N6A 0 5 120.99 60.5 High No 0.55 MLOGP >4.15
. Yes, 1 violation
N7A 0 5 116.07 60.51 High No 0.55 MLOGP >4.15
NSA 0 7 119.88 106.33 High No 0.55 Yes, 0 Violation
NI9A 0 6 117.55 69.74 High No 0.55 Yes, 0 Violation
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Figure 2.
BOILED-EGG for the designed compounds

Analysis of studies using molecular docking

GOLD stands for a “genetic approach through which
flexible ligands are able to be docked within protein
binding sites”. GOLD generally yields excellent re-
sults in virtual screening and can predict posture. It
can be purchased as part of the GOLD suite, which
also includes a number of other software packages,
such as Hermes, Mercury, ConQuest, GOLD, and
Mogul (50).

To determine the most stable and energy-efficient
conformation by altering the structure's geometry,
methods for optimizing energy were developed. To
determine the binding energies and specificity of the
proposed compounds, docking studies examine the
molecular interactions between the compounds and
the active binding sites of proteins, including ER-a.
The ER-a-inhibitory effects of tamoxifen and the
proposed compounds have been evaluated using
PLP fitness, which reflects complex formation at the
active sites. The hydrogen-bond distance between
our developed ligands and a specific protein was 3
A, and the overall length of all bonds was 3 A, ac-
cording to the GOLD program (51, 52).

The results of the docking study for the reference and
the highest PLP fitness compounds are displayed in
Figures 3—6 and Table II, respectively. Excellent
binding energies in the receptor's active region are
displayed by [N1A, N2A, N3A, N4A, N5A, N6A,
N7A, N8A, and N9A], which are also likely to posi-
tively interact with additional short contacts to rein-
force the binding. In general, tamoxifen derivatives
and naproxen derivatives function similarly. As can
be seen in Table II and Figure 6, the naproxen deriv-
ative compound N9A with ER-a protein has the
highest PLP fitness value of 86.794 overall accord-
ing to the docking results. Compound N4A, the other
naproxen derivative, yields an 86.6634 PLP fitness
score when compared to the standard drug tamoxifen
97.8591, as illustrated in Figure 3. Based on docking
results with the ER-a protein, compounds N9A and
N4A yield the best scores of 87.694 and 86.6634, re-
spectively. The re-docking of the reference ligand
(4-hydroxytamoxifen) along with the protein
(3ERT) was done, and the resulting RMSD was
1.161 A°, as this value is less than the accepted
threshold of 2.0 A, the docking process is validated
and reliable.

Table 11
The ER-a protein docked the binding energies of tamoxifen, a conventional medication, and naproxen derivatives
e Binding energy (PLP) Amino acid included in Amino acid included
Fitness H- Bonding in short contact
GLY521(2), MET343 LEU525(2), GLY521(2)
THR347(8), GLU419 THR347(8), MET343
tamoxifen 97.85 LEU387(3), LEU408(1) GLU419, LEU387
ARG394(2), GLU354(5) LEU408(2), ARG394(4)
LEU346 GLU353(6), LEU346
MET522(3), LEU525 MET522(3), TYR526(5) TRP383(4),
N1A 81.08 MET343(2), THR347(7) LEU525 THR347(4), ALA350(2)
GLU353(2) GLU353(2)
LEUS250), METSZE0) T —
N2A 76.71 MléT343, TRP383, MET528 THR347(6),
ALA350 PHE404 ALA350(2) PHE404, LEU346
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Compound Binding energy (PLP) Amino acid included in Amino acid included
P Fitness H- Bonding in short contact
PHE404(3), LEU346 PHE337,
N3A 84.10 ALA350(2) THR347, PHE404(4), ﬁdlﬁ‘?,izg(é)) THR34765),
ASP351 MET522(2), MET528
N4A 36.66 THR347(6), LEUS525(2) ALA350(2), THR347(5)
) MET522(2), TYR526 PHE404, LEU525(3) TYR526, MET522(3)
MET522(2), TYR526 MET522(2), TYR526
N5A 77.86 LEUS25(1), LEUS25(2), ALA350(5) THR347(2),
THR347 LEU346, MET342 LEU346(2) PHE404, LEU391
igggz;g;’ éiggzgg; LEU391(9), ARG394(3) LEU387(3),
N6A 79.16 THI’B 47 GLU353(4) ALA350(5), LEU346(3)
TRP383(1) LEU536(2) TRP383(1), LEU336(2)
NTA 81.50 METS522(2), LEUS25(3) METS522(6), LEUS25(3) THR347(3),
) THR347(3), ASP351(1) ASP351(2)
MET522(4), LEUS25(3) METS522(5), LEUS25(5)
NSA 82.73 ASP351(3), THR347 LEU346 THR347(2), ASP351(2)
’ THR347, TRP383 LEU346
Mf;ffsé(g(); o) METS22(4), TYR526
N9A 87.68 ’ LEUS536(3), LEUS525(2)

LEUS525, TRP383(2)

THR347(9)

TRP383, THR347(4)

*Numbers in brackets refer to the number of bonds.

Figure 4.
Binding orientation and interaction of the N3A compound inside the ER- a receptor
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Figure S.
Binding orientation and interaction of the N4A compound inside the ER- a receptor

Figure 6.
Binding orientation and interaction of the N9A compound inside the ER-a receptor

MD Results

The technique of MD simulation represents a trans-
formative leap in computational science, allowing
researchers to observe and analyze the intricate
atomic motions and interactions that dictate the be-
havior of biological macromolecules. The journey of
MD began in the late 20th century, rooted in the need
to transcend static representations of molecules and
explore their true dynamism in a simulated environ-
ment (53). Early work by pioneers such as McCam-
mon, Gelin, and Karplus in the 1970s laid the foun-
dation for simulating the atomic fluctuations of pro-
teins, marking a paradigm shift from static crystallo-
graphic snapshots to time-resolved molecular “mov-
ies”. Over the past decades, advancements in com-
putational power, algorithms, and force fields have
enabled simulations of increasingly complex sys-
tems, spanning from small peptides to entire virus
particles, and from nanoseconds to microsecond and
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even millisecond timescales (54). MD simulation is
not merely a computational curiosity; it provides an
unparalleled window into the “life” of a biomole-
cule. By solving Newton’s equations of motion for
thousands to millions of atoms, MD tracks how each
atom moves under the influence of all the other at-
oms in the system and the environment (such as wa-
ter and ions) (55). The MD trajectory indicates that
the 3ERT-ligand complex reaches a stable equilib-
rium state after the initial equilibration phase. The
RMSD (Figure 7) analysis shows a rapid deviation
from the starting conformation, followed by a long
plateau with a mean value of ~2.34 A and limited
fluctuations (SD = 0.26 A). This stable profile, with-
out any sustained upward drift, confirms that the pro-
tein—ligand system maintains its global fold through-
out the simulation. The final RMSD values being
consistent with the late-window averages further
validate the structural stability of the complex. The
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RMSF (Figure 8) analysis supports these findings,
demonstrating that the complex preserves a predom-
inantly rigid scaffold with only localized flexibility.
The average residue fluctuation (~1.16 A) lies within
the expected range for well-equilibrated nuclear re-
ceptor complexes (Figure 9). Peaks observed at res-
idues such as CYS530, LYS529, and TYRS526 cor-
respond to loop or terminal regions that are naturally
more dynamic. These flexible segments likely facil-
itate binding-pocket adaptability and solvent acces-
sibility rather than indicating destabilization of the
protein backbone.

Interaction analysis highlights the role of aromatic
and electrostatic stabilization in the binding process.
m—cation interactions occur in ~62% of frames, often
involving up to two concurrent contacts, which pro-
vide electrostatic—n stabilization and help maintain
the ligand orientation. m—m stacking interactions,

while intermittent, appear repeatedly across the tra-
jectory, reflecting natural side-chain breathing and
conformational adjustments without disrupting the
bound state. The persistence of these non-covalent
interactions throughout the simulation reinforces the
stability observed in the RMSD and RMSF profiles.
Taken together, the RMSD, RMSF, and interaction
analyses demonstrate that the 3ERT LBD remains
structurally stable with the ligand bound, with only
minor local motions that are essential for functional
dynamics (Figure 10). The results support a binding
mode characterized by a stable fold, localized flexi-
bility, and recurring aromatic/n—cation interactions
that collectively stabilize the ligand in the estrogen
receptor binding pocket. Clinically, this binding sta-
bility supports the chance of sustained target bind-
ing, strengthening the potential of the compound as
a reliable therapeutic candidate.

RMSD 1 (275 atoms)
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Figure 7.
A substantial spike in RMSD occurs in the initial nanoseconds when the system relaxes from its starting shape,
followed by stability at 2.0-2.5 A. After equilibration, the RMSD fluctuates slightly and spikes briefly before
returning to baseline. This steady curve shows that the protein—ligand combination achieved equilibrium early
and maintained a stable shape for 100 ns
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Figure 8.
RMSF and B-factor plot of the 3ERT-ligand complex showing most residues fluctuating within 0.6-1.2 A, with
peaks above 2.0 A and up to 3.5 A in the C-terminal region, indicating localized flexibility while overall stability
is maintained
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Figure 9.
Radial distribution function (RDF) plot of the 3ERT-ligand complex showing a major peak at 1.6 A, minor coor-
dination shells at 2.0-3.0 A, and decay beyond 4-5 A, indicating strong local interactions within the first coordi-
nation shell and bulk-like solvent behavior at larger distances
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Figure 10.
Interaction plot of m—cation (green) and n—x stacking (blue) interactions during 100 ns simulation, highlighting
their role in stabilizing ligand binding within the estrogen receptor pocket

Conclusions

It successfully developed a new series of naproxen
compounds. [N4A, N9A] were the most promising
compounds. About the same amount of activity as
the anticancer drug tamoxifen is present in the com-
pound (N9A). A combination of ADME investiga-
tions and in silico study predicted that all but one of
the suggested compounds-N3A-would be highly ab-
sorbed from the GIT. According to ADME studies,
every developed compound complied with the "rule
of five" established by Lipinski. Promising out-
comes were observed in docking studies investigat-
ing ligand interactions with the ER-a protein.

The MD results confirm that the 3ERT-ligand com-
plex remains structurally stable, with RMSD (~2.34
A, SD = 0.26 A) and RMSF (~1.16 A) values indi-
cating global rigidity and only localized flexibility in
loop/terminal regions. Recurring m—cation (~62%
occupancy) and intermittent n—m stacking interac-
tions further stabilize the ligand orientation. Overall,
the complex preserves its fold, maintains strong
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binding, and exhibits dynamic adaptability essential
for receptor—ligand function.
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