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A series of novel acridine-based aminoacetamide derivatives (AN1, ANS, BI7,
AAM3, and AC1) were synthesized and structurally confirmed using FTIR,
NMR, and LC-MS techniques. This study aimed to evaluate the compounds as
potential acetylcholinesterase (AChE) inhibitors with anticancer activity.
Molecular docking was performed using the AChE crystal structure (PDB ID:
4EY6) to predict ligand-enzyme interactions. All derivatives showed
favorable binding affinities (-8.0 to -8.3 kcal/mol), indicating strong
compatibility with the catalytic pocket. AC1 demonstrated the highest affinity
(-8.3 kcal/mol), supported by hydrogen bonds with Gly437 and Arg434, along
with m-m stacking with Trp441 and Trp754, while AN1 and AN8 exhibited
stable poses through m-cation and hydrogen bonding interactions. The
cytotoxic potential of the derivatives was assessed against SH-SY5Y
neuroblastoma cells using the MTT assay. AC1 displayed the strongest
antiproliferative effect (ICso = 26.92 + 0.57 pg/mL), surpassing the standard
reference compound (ICso = 92.67 + 0.43 pg/mL). AN1 (ICso = 47.74 + 0.98
pg/mL) and AN8 (ICso = 69.95 + 0.49 pug/mL) showed moderate cytotoxicity,
while BI7 and AAM3 were considerably less active (ICs, values > 277 pg/mL).
A clear correlation was observed between docking affinity and experimental
cytotoxicity, particularly for AC1 and AN1. Overall, AC1 emerged as the most
promising derivative, highlighting the impact of structural modifications on
anticancer activity. The combined computational and in vitro results support
acridine-based aminoacetamide scaffolds as potential leads for anticancer
drug development.
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GRAPHICALABSTRACT

Substituted N-(acridin-9-yl)-2-aminoacetamide derivatives
(AN1, ANS, BI7, AAM3, and AC1)

Morphological Assessment

Introduction

The rational design, synthesis, and biological
evaluation of heterocyclic compounds remain a
cornerstone of modern medicinal chemistry
because of their structural diversity and versatile
pharmacological properties. Among the various
heteroaromatic scaffolds, acridine has drawn
considerable attention because of its unique
planar tricyclic aromatic framework, which
readily interacts with nucleic acids, enzymes, and
receptor proteins. Acridine derivatives have been
extensively investigated for their antimicrobial,
antiviral, antimalarial, anti-inflammatory, and
anticancer activities and have several reaching
clinical use [1-3]. For example, amsacrine, an
acridine-based anticancer drug, exerts its
therapeutic effects through DNA intercalation and
inhibition of topoisomerase I,
acriflavine has been employed as an antiseptic
and more recently as an anticancer agent because

whereas

of its ability to suppress HIF-1 signaling. These
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examples  highlight the
versatility and therapeutic potential
acridine nucleus.

Due to its planar aromatic framework and
modifiable substituents, acridine is an attractive
platform for drug discovery. Its flat aromatic
system facilitates DNA intercalation, enabling
disruption of nucleic acid functions, whereas its
electron-rich heteroatoms substitutable
positions allow fine-tuning of interactions with
enzymatic and protein targets. Consequently,
acridine derivatives are often described as
"privileged scaffolds, " which are capable of
engaging multiple biological pathways, making
them highly adaptable for the development of
targeted therapeutics [4-6]. Given these
therapeutic implications, the next step was to
explore acridine derivatives as AChE inhibitors
with anticancer potential.

One of the emerging areas in which acridine

pharmacological
of the

and

derivatives have shown promise is the inhibition
of AChE. AChE is a crucial enzyme in the CNS that
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hydrolyzes the neurotransmitter acetylcholine,
thereby concluding synaptic communication [7-
9]. Dysfunctional regulation of AChE is involved in
neurological diseases, most notably
Alzheimer’s disease, where AChE inhibitors such
as donepezil, rivastigmine, and galantamine
remain the mainstay of symptomatic treatment
[10-12]. In addition to neurodegeneration, AChE
is increasingly associated with cancer biology.
Overexpression of AChE has been reported in
certain tumors, where it contributes to
tumorigenesis, apoptotic  regulation,
modulation of signaling pathways. This dual role
makes AChE an intriguing therapeutic target, not
only for neuroprotective interventions, but also
for anticancer strategies. Recent studies have
further emphasized the regulatory influence of
AChE on apoptosis
modulation, and cellular proliferation across
several cancers, highlighting its relevance as a
multifunctional therapeutic target. These findings
underscore the need for continued exploration of
dual AChE-inhibitory and anticancer scaffolds
[13-18].

The drug discovery process for AChE inhibitors
increasingly relies on an integrative approach that
combines rational design, molecular docking, and
experimental validation. Molecular docking
serves as a computational tool to predict ligand-
enzyme interactions, providing insight into the
binding modes, hydrogen bonding, hydrophobic
contacts, and m-m stacking interactions that
stabilize drug-target complexes. By employing
the crystal structures of AChE, such as PDB ID:
4EY6, docking simulations allow rapid screening
and prioritization of candidate molecules prior to
labor-intensive  biological Such
structure-guided methods accelerate the
identification of promising leads while reducing
experimental costs [19-21].

Nevertheless, computational predictions must

several

and

tumor progression,

evaluation.

be complemented by experimental assays to
assess the pharmacological relevance of designed
molecules. Cytotoxicity assays are widely
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employed to establish the anticancer potential of
novel compounds. Among the various in vitro
models, SH-SY5Y neuroblastoma cells represent a
versatile human-derived neuronal cell line that
serves both as a model for neurobiology and as a
cancer cell platform. Cytotoxicity is commonly
evaluated using the MTT assay, a colorimetric
technique that measures mitochondrial activity,
as an indicator of cell viability. Together, docking
and cytotoxicity testing provide a comprehensive
evaluation of both molecular binding and
functional cellular outcomes.

In this context, the present study reports the
design, synthesis, docking,
cytotoxicity evaluation of novel acridine-based
aminoacetamide derivatives. The design rationale
was to functionalize the acridine nucleus with
diverse substituents at the aminoacetamide
position, thereby exploring structure-activity
relationships and optimizing the interactions with
AChE. The synthesized derivatives N-(acridin-9-
yl)-2-(phenylamino)acetamide(AN1), N-(acridin-
9-y1)-2-((2-hydroxyphenyl)amino)acetamide
(AN8), N-(acridin-9-yl1)-2-(2,3-dimethyl-1H-
indol-1-yl)acetamide (BI7), N-(acridin-9-yl)-2-
(ethyl(o-tolyl)amino)acetamide (AAM3), and N-
(acridin-9-yl)-2-(4-oxopiperidin-1-yl)acetamide
(AC1), containing phenyl, hydroxylphenyl, indole,
ethyl-tolyl, and oxopiperidine moieties, were
chosen to probe variations in hydrophobicity,
electronic  effects, and hydrogen-bonding
potential. These molecules were synthesized via
nucleophilic ~ substitution  reactions  and
characterized using FTIR spectroscopy, NMR, and
LC-MS to ensure structural confirmation and
purity [22,23].

Molecular docking studies were conducted using
AutoDock Vina to estimate binding affinities and
ligand-AChE Specific
attention has been given to hydrogen bonds, -1
with
hydrophobic contacts in the active site gorge [19-
21]. Docking scores were then compared with the
experimental cytotoxicity data obtained from the

molecular and

visualize interactions.

interactions aromatic residues, and



J. Mart E. & R. Darwin Chellappan. / Adv. J. Chem. A 2026, 9 (4), 739-753

MTT assays against SH-SY5Y neuroblastoma cells.
By correlating computational predictions with
biological activity, this study sought to validate
docking as a predictive tool for identifying
effective AChE inhibitors with anticancer
potential.

Overall, this study highlights the therapeutic
significance of acridine-based

targeting AChE for dual neuroprotective and

scaffolds in

anticancer applications. Among the tested
derivatives, AC1 emerged as a promising
candidate, demonstrating a strong docking

affinity and notable thereby
establishing its potential as a lead compound for

further preclinical investigations.

cytotoxicity,

Experimental
Synthesis of N-(acridin-9-yl)-2-chloroacetamide

Acridine-9-amine (1) 1.0 g (0.0011 mol, 1.0
equiv) was dissolved in acetone, and potassium
carbonate 0.24 g (0.00179 mol, 1.5 equiv) was
then added. After 15 min of stirring at ambient
temperature, 0.242 g (0.00143 mol, 1.2
equivalents) of 2-chloroacetyl chloride was

NH,

Acetone/K,CO;

added, and the reaction mixture was agitated at
room temperature for 4-12 h. The progress of the
reaction was monitored by TLC using n-
hexane:ethyl acetate (1:2 to 1:6) as the eluent, and
spots were visulaized using a UV light chamber.
The mixture was filtered, the filtrate was
concentrated, and the resultant residue was
processed.

Synthesis  of  substituted  N-(acridin-9-yl)-2-
aminoacetamide derivatives

DMF (40 mL) was added to the combination of
substituted N-(acridin-9-yl)-2-chloroacetamide
(3, 0.01 mol) and the corresponding substituted
amine (4, 0.012 mol), followed by the addition of
triethylamine (0.012 mol). The reaction mixture
was refluxed for one hour at 150-155 °C until full
consumption of the starting material, as
determined by TLC. Upon completion of the
reaction, the precipitate produced during cooling
was filtered and recrystallized using ethanol to
obtain the final compounds (AN1, ANS8, BI7,
AAM3, and AC1). A detailed reaction scheme is
shown in Figure 1.

O
HN)K/CI

OO I
+
N7 ¢ Qj\cn

Acridin-9-amine (1) 2-chloroacetyl chloride (2)

0 R,

HNJ\/N\Rz

R.T.

DMF/Triethylamine

X
- =
N

N-(acridin-9-yl)-2-chloroacetamide (3)
+

R,

NH

AN <
P Refluxed/150-155 °C
N

Substituted N-(acridin-9-yl)-2-
aminoacetamide derivatives
(AN1, ANS8, BI7, AAM3, and AC1)

Ry
Substitued Amines (4)

Figure 1. The proposed reaction scheme for the synthesis of substituted N-(acridin-9-yl)-2-aminoacetamide

derivatives.
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Characterization of synthesized compounds

The synthesized acridine derivatives (AN1, ANS8,

BI7, AAM3, and AC1) were characterized by
melting  point  determination, thin-layer
chromatography (Rf values), percentage yield,
elemental analysis, and spectral methods,
including FT-IR, 1H-NMR, 13C-NMR, and LC-MS
[24,25]. The characterization spectra are
provided in the Supplementary file, Tables S1-S4.
Figure 2 illustrates the structures of the
synthesized compounds.

N-(acridin-9-yl)-2-(phenylamino)acetamide (AN1)

Chemical formula: C2:H17N30; M.P.: 122-125 °C;
Rf: 0.98; % yield: 90. Molecular weight: 327.39
g/mol; m/z: 327.14 (100.0%), 328.14 (22.7%),
329.14 (2.5%), and 328.13 (1.1%). Elemental
analysis (calculated): C, 77.04; H, 5.23; N, 12.84;
and O = 4.89. tH-NMR (500 MHz, DMSO0): 6 9.94 (s,
1H), 8.06 (dd, ] =7.5,1.4 Hz, 2H), 7.73 (dd, ] = 7.4,
1.5 Hz, 2H), 7.61 (td, ] = 7.5, 1.5 Hz, 2H), 7.47 (td, ]
=7.5,1.5Hz, 2H), 6.93 (d,] = 7.5 Hz, 2H), 6.73 (s,
1H), 6.38 (d, ] = 7.5 Hz, 2H), 4.20 (s, 1H), 4.12 -
4.08 (m, 1H), and 3.81 (s, 1H). 13C-NMR (101 MHz,
DMSO0): 6 166.02, 139.67, 135.45, 132.00, 129.05,
128.84,128.14,124.11,120.86,120.75, and 45.85.
The FTIR spectra of AN1 exhibited a wide band at
3,344 cm™, indicative of N-H stretching in the
amide functional group. Aromatic C-H stretching
vibrations were observed at 3,080-3,000 cm™t. A
prominent peak at 1,678 cm™ validated C=0
stretching of the amide group, while
supplementary bands at 1,644 and 1,609 cm™
resulted from the aromatic C=C stretching. The
peaks in the 1,515-1,456 cm™?! range were
ascribed to C-N stretching and aromatic ring
vibrations. The band at 1,214-1,095 cm™
corresponds to C-N stretching of the aryl amine,
whereas many strong peaks at 877-744 cm™
C-H out-of-plane bending,
indicative of monosubstituted phenyl rings.

show aromatic
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N-(acridin-9-yl)-2-((2-
hydroxyphenyl)amino)acetamide (AN8)

Chemical formula: C21H17N302; M.P.: 140-143 °C;
Rf value: 0.98; % yield: 90. Molecular weight:
343.39 g/mol; m/z: 343.13 (100.0%), 344.14
(22.7%), 345.14 (2.5%), and 344.13 (1.1%).
Elemental analysis (calculated): C, 73.45; H, 4.99;
N, 12.24; and 0, 9.32. 1H-NMR (500 MHz, DMSO) 6
9.95 (s, 1H), 9.84 (s, 2H), 8.26 - 7.90 (m, 2H), 7.95
- 7.85 (m, 1H), 7.73 (dd, ] = 7.5, 1.4 Hz, 1H), 7.61
(td, ] =7.5,1.6 Hz, 2H), 7.47 (td,] = 7.5, 1.5 Hz, 1H),
6.75 (s, 1H), 6.64 (td, ] = 7.5, 1.5 Hz, 1H), 6.59 -
6.40 (m, 2H), 6.23 (dd,] =7.5,1.4 Hz, 1H), 6.23 (dd,
J=7.5,1.4Hz 1H),4.27 (d,] = 5.1 Hz, 2H), and 3.63
(s, 2H). 13C-NMR (101 MHz, DMSO) & 166.02,
139.67, 135.45, 132.00, 129.05, 128.84, 128.14,
124.11, 120.86, 120.75, and 45.85. The FTIR
spectrum of AN8 exhibited a pronounced
absorption at 3,195 cm™, signifying O-H
stretching vibrations from the phenolic hydroxyl
group. The peak at 2,986 cm™ indicates C-H
stretching. The pronounced band at 1,909 cm™
was linked to the overtone and combination
bands characteristic of aromatic systems. The
amide C=0 stretching was observed at 1,554 cm™},
while the bands at 1,483-1,374 cm™
corresponded to C-N and aromatic C=C
stretching. Peaks within the range of 1,115-961
! corroborated the C-O stretching of the
phenolic groups. Out-of-plane C-H bending
vibrations were observed at 888-761 cm™,
indicating aromatic substitution.

cm-

N-(acridin-9-yl)-2-(2,3-dimethyl-1H-indol-1-
yl)acetamide (BI7)

Chemical formula: C2sH21N30; M.P.: 179-183 °C;
Rf value: 0.92; % yield: 80. Molecular weight:
379.46 g/mol; m/z: 379.17 (100.0%), 380.17
(27.0%), 381.18 (2.7%), 380.17 (1.1%).
Elemental analysis (calculated): C, 79.13; H, 5.58;
N, 11.07; and O = 4.22. 1H-NMR (500 MHz, DMSO)
68.12 - 7.98 (m, 2H), 7.84 - 7.69 (m, 2H), 7.65 -
7.60 (m, 2H), 7.50 - 7.46 (m, 2H), 7.27 (s, 1H), 7.11
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(s, 1H), 6.99 (s, 1H), 6.56 (d, ] = 10.0 Hz, 2H), 5.26
(s, 1H), 5.01 (s, 1H), and 2.33 - 2.26 (m, 6H). 13C-
NMR (126 MHz, DMSO) 6 168.50, 156.63, 148.92,
148.40, 125.65, 122.36, 121.60, 109.59, 109.19,
106.93, 106.34, 102.56, 102.06, 54.16, 46.79, and
34.54. The FTIR spectrum of BI7 exhibited a wide
band at 3,357 cm™, indicative of N-H stretching
vibrations. The peaks at 3,073-2,732 cm™
indicate aromatic and aliphatic C-H stretching,
respectively. A prominent band at 1,615 cm™ was
attributed to C=0 stretching of the amide group,
while 1,580 cm™ corresponded to aromatic C=C
stretching. Absorptions at 1,452-1,352 cm™
correlate with the C-N stretching of the indole and
acridine moieties. The peak at 1,238-1,026 cm™
was ascribed to C-0O-C and C-N vibrational
modes. The area 918-768 cm™* exhibited out-of-
plane C-H bending of the indole and acridine
aromatic rings, corroborating the hypothesized
structure.

N-(acridin-9-yl)-2-(ethyl(o-tolylJamino)acetamide
(AAM3)

Chemical formula: C24H23N30; M.P.: 163-166 °C;
Rf value: 0.89; % yield: 68. Molecular weight:
369.47 g/mol; m/z: 369.18 (100.0%), 370.19
(26.0%), 371.19 (3.2%), 370.18 (1.1%).
Elemental analysis (calculated): C, 78.02; H, 6.27;
N, 11.37; and O = 4.33. tH-NMR (500 MHz, DMSO)
6 9.82 (s, 1H), 8.20 - 8.05 (m, 2H), 7.62 - 7.57 (m,
2H), 7.56 - 7.41 (m, 2H), 7.41 - 7.37 (m, 2H), 7.05
- 6.95 (m, 3H), 6.70 (d, ] = 20.5 Hz, 2H), 4.70 (s,
1H), 3.79 (s, 1H), 3.64 (s, 1H), 3.40 (s, 1H), 2.30 -
2.26 (m, 3H), and 1.26 - 1.22 (m, 3H). 3C-NMR
(126 MHz, DMSO) 6 170.31, 129.99, 129.36,
129.30, 128.79, 128.02, 127.88, 127.26, 127.02,
126.63, 67.61, and 64.87. The FTIR spectra of
AAM3 exhibited a wide absorption band at 3,353
cm™}, indicative of N-H stretching vibrations
associated with the secondary amide group. A
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peak at 2,986 cm™' indicated aliphatic C-H
stretching. The prominent absorption bands at
1,655 cm™ and 1,585 cm™! are attributed to C=0
(amide carbonyl) stretching and aromatic C=C
stretching, respectively. The peaks at 1,455-1,372
! were ascribed to C-N stretching and CHs
bending vibrations originating from the ethyl-
tolyl substituent. Supplementary peaks in the
850-750 cm™ range signified aromatic C-H out-
of-plane bending vibrations, thus corroborating
the acridine aromatic structure.

cm-

N-(acridin-9-yl)-2-(4-oxopiperidin-1-yl)acetamide
(AC1)

Chemical formula: C20H19N30;; M.P.: 143-145 °C;
Rf: 0.98; % yield: 90%. Molecular weight: 333.39
g/mol; m/z: 333.15 (100.0%), 334.15 (21.6%),
335.15 (2.2%), and 334.14 (1.1%). Elemental
analysis (calculated): C, 72.05; H, 5.74; N, 12.60;
and 0 =9.60. 'H-NMR (500 MHz, DMSO0) & 10.04 -
7.77 (m, 2H), 8.90 - 7.53 (m, 6H), 7.74 (dd, ] = 7.5,
1.5 Hz, 2H), 7.47 (td, ] = 7.5, 1.4 Hz, 2H), 7.21 (s,
1H), 3.27 - 3.23 (m, 2H), 3.04 - 2.85 (m, 2H), and
2.85 - 2.68 (m, 6H). 13C-NMR (126 MHz, DMSO) &
170.30, 155.81, 154.37, 129.99, 129.31, 128.03,
127.26, 127.03, 108.41, 64.86, 37.10, and 35.97.
The AC1 spectra exhibited a moderate-intensity
band at 3,035 cm™?, indicative of aromatic C-H
stretching. A prominent band at 1,596 cm™
signified C=0 stretching of the amide group, while
1,551 cm™ corresponded to N-H bending. The
bands at 1,473-1,371 cm™' verified the C-N
stretching of the amide and piperidine moieties.
The distinctive absorptions at 1,255-998 cm™
correspond to the C-0-C and C-N vibrations of
the cyclic piperidinone structure. Peaks in the
897-694 cm™* range resulted from aromatic C-H
out-of-plane bending, confirming replacement
within the acridine ring system.
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HNJ\/N

Seoh

N-(acridin-9-yl)-2-
(phenylamino)acetamide (AN1)

H,C” ; 0 g
H3CVN\)J\N X
H

N-(acridin-9-yl)-2-(ethyl(o-
tolyl)amino)acetamide (AAM3)
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N-(acridin-9-y1)-2-((2-
hydroxyphenyl)amino)acetamide (AN8)

0 —

N

X
Z
N

N-(acridin-9-yl)-2-(2,3-dimethyl-
1H-indol-1-yl)acetamide (BI7)

@)
(@)
T
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OO
N

N-(acridin-9-yl)-2-(4-oxopiperidin-1-
yl)acetamide (AC1)

Figure 2. Chemical structures of the synthesized compounds.

Molecular docking studies

Molecular docking experiments were conducted
to examine the binding between ligands and the
target enzyme acetylcholinesterase (AChE). The
crystal structure of human acetylcholinesterase
(PDB ID: 4EY6, resolution 1.9 A) was obtained
from the Protein Data Bank. The protein structure
was generated by eliminating all crystallographic
co-crystallized ligands, and
heteroatoms that were not associated with the
binding site. Hydrogen atoms were included to
stabilize the protein structure, and energy
minimization was performed using the Swiss PDB
Viewer (SPDBV) with the GROMOS96 force field,
guaranteeing the appropriate geometry and
conformational stability of the protein [19,26].
The quality and stereochemical integrity of the
minimized protein were validated using a
Ramachandran plot, which confirmed that the
majority of the residues were in the allowed
regions, indicating a reliable structural model.

The binding pocket and active site residues of

water molecules,

AChE were identified using a Protein-Ligand
Interaction Profiler (PLIP), which provided key
information hydrogen bonding,
hydrophobic interactions, and m-mstacking
regions within the active cavity. The selected

about
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active site residues were cross-verified with
literature reports to confirm the reliability of the
predicted binding cavity. Ligands were designed
and sketched using the Marvin Sketch software,
and their structural integrity was checked for
valence and stereochemical correctness. The
ligand molecules were then converted into 3D
conformations, and the energy was minimized
using the MMFF94 force field to achieve low-
energy, stable geometries. The optimized ligands
were saved in the PDB format for further docking
analysis [27-29].

Docking simulations were performed using PyRx
0.9 (AutoDock Vina engine). The grid box was
delineated to
ensuring the complete coverage of the binding
pocket. Default settings were used for docking,
and exhaustiveness was elevated to enhance
precision. Many binding poses were produced for
each ligand, and the conformation exhibiting the
lowest binding energy (kcal/mol) was deemed the
most advantageous binding configuration. The
docking poses were further visualized and

include active site residues,

analyzed using Discovery Studio Visualizer to
obtain a clear understanding of ligand orientation
and specific protein-ligand interactions [19-21].
The binding energy values obtained from docking
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were compared among the ligands to assess their
relative affinities toward AChE, and potential
structure-activity relationships were inferred. A
3D ribbon view of the target enzyme is shown in
Figure 3.

MTT assay for cell viability
Cell culture

The SH-SY5Y neuroblastoma cell line was
procured from Sigma-Aldrich (USA) and grown in
Dulbecco’s Modified Eagle’s Medium (DMEM)
supplemented with 10% fetal bovine serum (FBS)
and growth supplements. The cells
preserved in a humidified incubator maintained
at 37 °C with 5% CO; to replicate physiological
conditions. The experimental techniques began
after the cells reached approximately 80%
confluence, consistency and
repeatability in subsequent experiments.

were

ensuring

Determination of cell viability

Cell viability was evaluated using the MTT
reduction assay, with slight modifications, and all
experiments were performed in triplicate. SH-
SY5Y neuroblastoma cells (2.0 x 10*/well) were
seeded in 96-well plates with 100 pL. of DMEM
containing 10% FBS and incubated for 24 h for

adhesion. Cells were then pretreated with five
concentrations of test chemicals (25, 50, 100, 250,
500 pug/mL in DMEM + 10% FBS) for 2 h, followed
by exposure to 10 uM AB,s5-35 for 24 h at 37 °C
with 5% CO,. The solvent control (DMEM + 10%
FBS) was maintained under identical conditions.

After treatment, the medium was replaced with
100 pL of MTT solution (500 pg/mL in PBS) and
incubated for 4 h at 37 °C. The solution was then
removed and the formazan crystals were
solubilized with 100 pL of DMSO under gentle
shaking. The absorbance was recorded at 540 nm
using a microplate reader (Thermo Fisher
Scientific). Cell viability was expressed as a
percentage of the untreated control, indicating
cytoprotective or cytotoxic effects of the test
chemicals.

Preparation of test compound stock and working
solutions

Stock solutions of the synthesized test
compounds (4.0 x 10 pg/mL) were prepared in an
alcohol/DMEM mixture (70:30, v/v), sterilized by
filtration through a 0.22 um membrane filter, and
stored at 4 °C until further use. Working solutions
(4.0 x 10° pug/mL) were freshly prepared by
diluting the stock solution in complete cell culture

medium before the experiments.

Figure 3. 3D ribbon view of the targeted enzyme with active cavity.
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Preparation of AB25-35 stock and working solutions

AB2s-35 peptide was solubilized in sterile
distilled water to create a 1 mM stock solution,
which was thereafter kept at —20 °C. The stock for
cell treatment was diluted in DMEM with 10% FBS
to provide a 100 uM working solution, resulting in
a final concentration of 10 uM per sample.

Statistical analysis

All experimental procedures were conducted in
triplicate to ensure the reproducibility and
reliability of the findings. The obtained values are
presented as mean * standard deviation (SD). For
statistical evaluation, ANOVA was employed,
followed by Tukey’s multiple comparison post-
hoc test to determine pairwise differences among
the treatment groups [30,31]. A probability level
of p < 0.05 was considered to indicate statistical
significance. All statistical analyses and graphical
representations of the data were performed using
the GraphPad Prism software (version X;
GraphPad Software, San Diego, CA, USA).

Results and Discussion
Molecular docking studies

Molecular docking experiments were conducted
to clarify the binding interactions of the produced
acridine derivatives with the active site of AChE
(PDB ID: 4EY6). All compounds exhibited good
binding affinities, with docking scores between -
8.0 and -8.3 kcal/mol, signifying robust and
persistent interactions with the catalytic residues
of AChE. The binding patterns indicated the
participation of numerous hydrogen bonds,
hydrophobic interactions, and m-m interactions,
which enhanced the stability of the protein-ligand
complexes.

AC1 was identified as the most promising
contender, with the highest binding affinity (-8.3
kcal/mol). The binding mode revealed strong
hydrogen-bonding interactions with Gly437 and
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Arg434, stabilizing the ligand in the catalytic
groove. In addition, m-m stacking with Trp441 and
Trp754, along with hydrophobic interactions
involving Ala753 and Met758, enhanced the
affinity of AC1 for AChE. These interactions
explain the superior cytotoxicity observed
experimentally, highlighting AC1 as a lead scaffold
for further development.

AN1 exhibited a binding affinity of -8.1 kcal/mol
and was stabilized by m-cation interactions with
Lys751 and Lys587, as well as hydrogen bonding
with Asn722. Hydrophobic contact with Lys436
and Pro431 further contributed to complex
stabilization. However, the presence of an
unfavorable donor-donor with
Asn722 slightly reduced the binding efficiency
compared to that of AC1.

ANS8 showed a docking score of -8.0 kcal/mol.
The presence of the hydroxyl
facilitated hydrogen bonding with Lys443, while
m-cation interactions with Lys439 and Arg590
contributed significantly to its binding affinity.
Additional hydrophobic contacts with Lys387 and
Thr591 supported the stability of the complex.
The presence of both polar and hydrophobic
interactions suggests that AN8 fits well with the
AChE active site.

AAM3, with a docking score of -8.0 kcal/mol],
exhibits multiple m-alkyl interactions with
Ala625, Leu629, and Ile628, as well as m-
stacking with Tyr537. These interactions are
complemented by van der Waals interactions with
Asn539 and Tyr538, contributing to the
stabilization of the complex. These interactions
indicate that AAM3 occupies a more hydrophobic
pocket of AChE, consistent with its bulky
ethyltolyl substituent.

BI7 also achieved a docking score of -8.0
kcal/mol and exhibited a different binding
pattern. The ligand formed m-alkyl interactions
with Ala625, 11e628, Leu629, and Tyr537, while
van der Waals interactions with Asn539 and
Tyr538 contributed to complex stability. The
presence of the indole moiety allows favorable

interaction
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stacking interactions, suggesting that BI7 aligns
parallel to the aromatic residues within the
catalytic site.

Overall, docking analysis revealed that all
compounds shared a conserved mode of binding,
engaging both polar and hydrophobic residues
within the AChE active pocket. Among them, AC1
displayed the strongest interactions and highest
docking score (-8.3 kcal/mol), which correlates
with its superior cytotoxic performance observed
experimentally. These results indicate that AC1
may be a good candidate for future preclinical
investigations, whereas AN1, AN8, AAM3, and BI7
provide useful structural insights for the rational
design of new acridine-based AChE inhibitors.
Figure 4 shows the binding postures of the
compounds.

MTT assay for cell viability

The cytotoxic activity of the synthesized acridine
derivatives (AN1, AN8, BI7, AAM3, and AC1) was
evaluated against human SH-SY5Y neuroblastoma
cells using an MTT assay. The ICs, values, which
indicate the concentration required to reduce cell
viability by 50%, revealed significant variation in
the potency of the compounds (Table 1).

Among the tested molecules, AC1 exhibited the
highest cytotoxic activity with an ICs, value of
26.92 0.57 pg/mL, suggesting its strong
antiproliferative potential. This superior effect
correlates with its favorable docking score (-8.3
kcal/mol), indicating that the enhanced binding
with acetylcholinesterase may
contribute to its cytotoxic response. The presence
of the oxopiperidine substituent likely improved
the binding affinity and promoted better cellular
uptake, thereby enhancing the biological activity.

+

interactions

BI7

Figure 4. Predicted binding poses of synthesized acridine derivatives within the active cavity of AChE (PDB ID:

4EY6).
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AN1 also demonstrated strong cytotoxicity with
an ICso of 47.74 + 0.98 pg/mL. This compound
formed multiple stabilizing interactions within
the active site during docking and showed a
docking score of -8.1 kcal/mol, consistent with its
effective cell growth inhibition. The phenylamino
substituent at the acetamide position may play a
role in its activity through m-cation and
hydrophobic interactions.

ANB8 displayed moderate cytotoxicity, with an
[Cs50 0f 69.95 * 0.49 pg/mL. While docking studies
indicated favorable binding (-8.0 kcal/mol), its
biological activity was comparatively weaker than
that of AC1 and AN1. This may be due to steric
hindrance or permeability
conferred by the hydroxyl group, which, while
beneficial for hydrogen bonding, may reduce
lipophilicity and cell membrane penetration.

In contrast, BI7 and AAM3 showed considerably
weaker cytotoxic activities, with 1C5o values of
277.19 * 0.48 pg/mL and 279.64 + 0.55 pg/mL,
respectively. Despite docking scores comparable
to those of other derivatives (-8.0 kcal/mol),
these compounds failed to translate binding
affinity into significant cytotoxicity. The bulky
substituents in BI7 (indole moiety) and AAM3
(ethyltolyl group) may have interfered with
efficient cell penetration or reduced effective
intracellular concentrations, leading to lower
biological activity. When compared with the
standard control (ICsq = 92.67 + 0.43 pg/mL),
both AC1 and AN1 outperformed the reference,
indicating their potential as lead scaffolds for
development.  The
correlation between docking scores and in vitro

limited cellular

anticancer observed

results, particularly for AC1, reinforces the
predictive value of computational modeling for
identifying promising candidates.

Overall, these findings highlight that structural
modifications
significantly influence cytotoxic potential. AC1
emerged as the most potent derivative, followed
by AN1, while BI7 and AAM3 were the least

around the acridine core

effective. = Combined  computational and
experimental evidence suggests that AC1
warrants further investigation as a lead

compound in preclinical studies. The ICso values
of these compounds are listed in Table 1.

Morphological assessment

The cytotoxic effects of the synthesized acridine
derivatives (AN1, AN8, BI7, AAM3, and AC1) were
evaluated against SH-SY5Y neuroblastoma cells
using the MTT assay and supported by
morphological analysis at graded concentrations
(50, 100, 200, and 400 pg/mL; Table 2).
Microscopic observations further corroborated
the dose-dependent cytotoxic effects. At 50
ug/mL, AC1 induced visible morphological
alterations, with showing shrinkage,
rounding, and partial detachment, whereas AN1
and AN8 produced moderate changes. BI7 and
AAM3 exhibited minimal effects at this
concentration. At 100 pg/mL, cytotoxicity became
more evident: AC1 disrupted the monolayer
extensively, AN1 caused a notable loss of cell
adherence, and AN8 induced moderate cell death,
whereas BI7 and AAM3 still maintained a
significant proportion of viable cells.

cells

Table 1. Effect of compound acridine derivatives on cell viability in cultured SHSYSY cells

Synthesised Test concentration_(pg/mL) ICso_value
compounds 50 100 200 400 pg/mL
AN1 63.2 51.74 48.68 19.58 47.74 +0.98
ANS8 50.28 44.71 38.74 21.54 69.95 + 0.49
B17 45.77 41.69 36.58 29.20 277.19 £ 0.48
AAM3 60.6 60.1 60.1 75.7 279.64 + 0.55
AC1 83.6 36.1 419 20.4 26.92 +0.57
STD -63.9 -67.2 -61.6 -52.0 92.67 +0.43
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These effects were more pronounced at higher
concentrations. At 200 pg/mL, AC1 almost
completely disrupted the cell monolayer integrity,
with very few viable cells remaining. AN1 also
showed strong cytotoxic effects, whereas AN8
produced moderate changes, with a partial
reduction in viable cell density. BI7 and AAM3
exhibited relatively weak cytotoxicity at this dose,
which is consistent with their high ICs, values. At
400 pg/mL, AC1 nearly eradicated the cell

population, confirming its strong anti-
proliferative effect. AN1 also induced extensive
cell death, while AN8 produced substantial
cytotoxicity, although less intense than AC1 and
AN1. BI7 and AAM3 remained less effective, with
scattered viable cells still visible even at high
concentrations. Morphological changes observed
at different concentrations are presented in Table
2.

Table 2. Morphological changes in SH-SY5Y cells treated with acridine derivatives

50_pg/mL 100_pg/mL

200_pg/mL 400_pg/mL

AN1
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Taken together, both the quantitative and
qualitative analyses demonstrated a strong dose-
dependent cytotoxic response. AC1 consistently
emerged as the most potent derivative, followed
by AN1 and AN8, whereas BI7 and AAM3 were
significantly less effective. These findings are in
agreement with the molecular docking results,
where AC1 showed the best binding affinity (-8.3
kcal/mol) through stabilizing
interactions with acetylcholinesterase active site

multiple
residues.  Combined  computational and
experimental data that
modifications at the aminoacetamide position of
the acridine nucleus critically influence cytotoxic
potential, with the oxopiperidine-substituted
derivative AC1 identified as a promising lead
candidate for further preclinical development.

suggest structural

Conclusion

This work includes the synthesis,
characterization, and evaluation of a novel series
of acridine-based aminoacetamide derivatives
using molecular docking and in vitro cytotoxicity
assays. All compounds had advantageous binding
affinities for AChE, facilitated by robust hydrogen
bonding, hydrophobic interactions, and m-1
stacking interactions. Among them, AC1 emerged
as the most potent derivative, showing the
strongest docking score (-8.3 kcal/mol) and the
lowest ICso value (26.92 + 0.57 pg/mL) against
SH-SYS5Y neuroblastoma cells. AN1 also showed
notable activity, whereas BI7 and AAM3 were less
effective. The strong correlation between docking
predictions and cytotoxicity outcomes highlights
the utility of computational approaches for
guiding experimental drug discovery. Structural
modifications at the aminoacetamide position of
acridine significantly modulate biological activity,
underscoring the importance of rational design.
Overall, this study identified acridine-based
aminoacetamide derivatives, particularly AC1, as
promising scaffolds for anticancer therapy. These
results justify further in vivo efficacy and toxicity
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studies to advance the use of AC1 as a preclinical
candidate.
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