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KEYWORDS ABSTRACT:
Alzhei s Introduction: Alzheimer's disease is a degenerative neurological condition marked by cognitive deterioration and
z elm.er S memory deficit, for which effective and safe therapeutic options remain limited.
Nootropic agents,
1.3.4-oxadiazole Objective: This study was undertaken to design, synthesize, and evaluate some designed novel oxadiazole
. derivatives as potential nootropic agents.

Acetylcholinesterase Methodology: A library of eighteen novel compounds was rationally designed and initially screened using in-silico
inhibition, Moleculartools, including PASS online tool, Swiss ADME, Pro Tox-III, and molecular docking using Molsoft ICM-Pro to
assess binding affinity toward acetylcholinesterase. Based on favorable in-silico results, ten compounds were
synthesized and characterized by IR and 'H-NMR spectroscopy, and their purity was confirmed by HPTLC
analysis.

docking.

Results: Molecular docking studies publicized that numerous compounds exhibited robust binding affinity toward
acetylcholinesterase, with docking scores comparable to or superior to the standard nootropic drug Piracetam.
Among the synthesized derivatives, PS-1, PS-11, and PS-14 demonstrated optimal pharmacokinetic properties,
blood-brain barrier permeability, and acceptable safety profiles. These compounds were further evaluated for
nootropic activity using scopolamine-induced amnesia models in mice, namely the Elevated Plus Maze and Morris
Water Maze.

Discussion: The finding showed that PS-1, PS-11, PS-14 produced a significant improvement in learning and
memory parameters in a dose-dependent manner, equivalent to Piracetam. Particularly PS-14, represent promising
lead candidates for the discovery of novel nootropic agents.

Conclusion: The strong correlation between in-silico predictions and in-vivo outcomes validates the rational design
strategy and supports further investigation of these compounds for the treatment of cognitive diseases, including
Alzheimer’s disease.

1. Introduction brain, areas critically involved in learning and memory

. . . . functions 7,
Alzheimer's disease (AD) is the predominant and 4

progressive form of dementia, representing a major
global health challenge due to its irreversible nature and
increasing prevalence U3l Pathologically, AD is
characterized by the presence of extracellular neuritic
plaques and intracellular neurofibrillary tangles, that
disrupts standard neural communication and ultimately
result in neuronal demise [ 3. These pathological
hallmarks primarily result from the abnormal
accumulation of amyloid-f (AP) peptides within the
medial temporal lobe along with neocortical area of the

2549

The lack of disease-modifying therapies, coupled with
the limited efficacy and adverse effects of existing
treatments, underscores the imperative need for the
discovery and development of novel therapeutic
molecules capable of improving cognitive function and
slowing disease progression 31, In this context,
nootropic agents, particularly those targeting cholinergic
neurotransmission, have attracted significant attention
for the symptomatic management of AD [10-11],
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AD occurs in two major forms: sporadic AD, which
constitutes the predominant share of cases and is
associated with aging and environmental factors, and
familial AD, a rare inherited form linked to genetic
mutations (1131,

One of the most widely accepted mechanisms is the
amyloid cascade hypothesis, which suggests that
abnormal managing of amyloid precursor protein leads
to excessive accumulation of peptides (especially
amyloid-f) in the brain parenchyma and cerebral
vasculature. These peptides aggregate to create insoluble
plaques that trigger a sequence of neurotoxic
occurrences, including oxidative stress,
neuroinflammation, synaptic dysfunction, and neuronal
loss 14161,

According to the Tau hyperphosphorylation hypothesis,
abnormal phosphorylation of Tau proteins disrupts
microtubule stability, impairing axonal transport and
neuronal integrity. Neurofibrillary tangles formed by
aggregated Tau proteins are strongly correlated with
disease severity and cognitive decline. Tau pathology has
been consistently observed in post-mortem brain tissues
of patients with Alzheimer’s disease, further supporting
its role in disease progression 711,

In addition to amyloid and Tau pathology, AD is
associated with extensive neuronal loss, specifically in
brain areas responsible for memory, learning, and higher
cognitive functions. Under normal physiological
conditions, mature neurons employ sophisticated
protective mechanisms to prevent activation of
programmed cell fatality pathways. However, in
Alzheimer’s disease, these protective mechanisms
become compromised, leading to the abnormal activation
of many modalities of regulated cellular demise,
encompassing apoptosis

and other degenerative processes. The cumulative effect
of these pathological mechanisms results in progressive
cognitive deterioration and functional disability [20-2),

The cholinergic hypothesis of AD proposes that
cognitive impairment results primarily from a deficiency
of acetylcholine in the brain. This neurotransmitter plays
a critical role in learning, memory, and attention.
Consequently, acetylcholinesterase inhibitors have
become the cornerstone of symptomatic treatment for
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AD, as they prevent the breakdown of acetylcholine and
enhance cholinergic neurotransmission 23-2%],

Oxadiazoles are 5-membered heterocyclic compounds
containing one oxygen (O) atom and two nitrogen (N)
atoms within the ring structure. Several oxadiazole
derivatives have demonstrated a broad spectrum of
pharmacological actions, encompassing antibacterial and
anti-inflammatory properties, antitumor, anticonvulsant,
and neuroprotective effects 262,

Piracetam (2-oxo-1-pyrrolidone-acetamide) is one of the
earliest and most extensively studied nootropic agents. It
is known to enhance learning and memory while
minimizing cognitive impairment. The nootropic
mechanism of piracetam involves multiple pathways,
including reduction of acetylcholinesterase activity,
attenuation of  neuroinflammatory mediators,
suppression of pro-apoptotic proteins, and mitigation of

oxidative stress within the cerebral environment 30311,

The present research work is a continuation of our earlier
studies involving the synthesis of 1,2,4-oxadiazole
derivatives and evaluated for nootropic activity [21.
Building upon these findings, the current investigation
aims to explore 2-(4-aminophenyl), 5-substituted
phenyl-1,3,4-oxadiazoles as potential nootropic agents
through systematic design, synthesis, in-silico docking,
and in-vivo pharmacological evaluation. The outcomes
of this study are expected to provide valuable insights
into SAR and contribute to the advancement of novel
therapeutic candidates for the management of AD.

2. Objectives

The present research work is a continuation of our earlier
studies involving the synthesis of 1,2,4-oxadiazole
derivatives and evaluated for nootropic activity B2,
Building upon these findings, the current investigation
aims to explore 2-(4-aminophenyl), 5-substituted
phenyl-1,3,4-oxadiazoles as potential nootropic agents
through systematic design, synthesis, in-silico docking,
and in-vivo pharmacological evaluation. The outcomes
of this study are expected to provide valuable insights
into SAR and contribute to the advancement of novel
therapeutic candidates for the management of AD.
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3. Methods
3.1 Design library of compounds

active"), and the probability of falling into the category
of inactive compounds is assessed as Pi (probability "to

be inactive") 1331,
NH
.2.2 Pharmacokinetic properties
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predict pharmacokinetics, physicochemical
characteristics, drug likeness, and medicinal chemistry
friendliness properties of designed compounds 14!,

2.2.3Toxicity Studies
Oﬁotox Il software which utilizes machine learning
maalels, pharmacophore-based approaches, fragment

HO
/
N

propensities, and molecular similarity to predict various
toxicity endpoints was utilized to predicts multiple

toxicity levels %,

2.2.4 Molecular docking

Molecular docking of 2(4-amino phenyl),5- substituted
phenyl) 1,3,4- oxadiazoles was performed using Molsoft
software to examine mechanisms by which ligand bind
to enzyme Acetyl Choline esterases [*°],

2.2.4.1 Ligand Preparation

-dThe chemical structures of the designed 2(4-amino

phenyl),5- substituted phenyl) 1,3,4-oxadiazoles were
drawn using ACD/ChemSketch, and the structures were

pe-10 PS-11 PS-12 saved as mol format. These 2D structures were then

HoN HoN < = Amported into Molsoft ICM-Pro, where they were

\Q\ﬂor\@\(oo nverted into 3D conformations. Each ligand was

N=N N—N \_{ protonated at physiological pH 7.4 and energy

PS-13 PS-14 minimized utilizing the MMFF94 force field to obtain a
PS-15 stable and low-energy structure suitable for docking.

H3C

PS-17

PS-18
Figurel. Design of Library of compounds
2.2In-silico Evaluation of Designed Compounds
2.2.1 Biological Activity

PASS (“Prediction of Activity Spectra for Substances”)
is computer-aided software program. In this probability
that the predicted compound falls into the category of
active compounds is assessed by Pa (probability "to be

2551

}-;N@\(

o (0]
\ / \ /)
—N N—N

2.4.2 Protein Preparation

e crystal structure of acetylcholinesterase (PDB ID:
4PQE) was taken from webserver Protein Data Bank
(RCSB). The protein was prepared in ICM-Pro by
removing water molecules, correcting any missing side
chains or atoms, and adding hydrogen atoms. The
structure was then minimized to remove any strain in the
structure. From the position of the co-crystallized ligand
the active site was identified 71, Molecular docking was
done using the flexible docking algorithm of Molsoft
ICM-Pro 18],
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Figure 2. Crystal Structure of PDB id: 4PQE
(Human Acetylcholinesterase)

Acetylcholinesterase was found to interact with designed
molecules through key regions such as the active site
(Ser203, His447 and Glu334), anionic site (Trp86,
Tyr133, Glu202), acyl binding site (Trp236, Phe295,
Phe297), and oxyanion site (Gly121, Gly122). Notably,
TRP286 was found to be essential for ligand binding and
inhibition of enzyme activity 3949,

2.3 Synthetic Scheme and Procedure

Compounds PS-1, PS-4, PS-6, PS-7, PS-8, PS-10, PS-11,
PS-13, PS-14 and PS-18 were selected for further
investigation due to their score in Pass online, Swiss
ADME, Protox III, and molecular docking evaluations
compared to other compounds.

HO /O

NH,

W
HN

0 HO_ O HoN
@ e
+ N o R
(3 — I
O i
NH,

2.3.1 Synthesis of 4-Aminobenzohydrazide from ethyl
p-aminobenzoate

Ethyl p-aminobenzoate (0.1 mol) and NH>NH».H,O (0.2
mol) were refluxed in round bottom flask for 90 min. The
reaction mixture was permitted to cool. The precipitate
obtained was filtered and recrystallized from alcohol 411,
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o 0
oc .
[0} 110 °C, 90 min NH
) + HN—NH, ———————————> |
HzN HsC NH,

hydrazine H,N

ethyl 4-aminobenzoate 4-aminobenzohydrazide

2.3.2 synthesis of (PS-1) 2-(4-amino phenyl) S-phenyl
1,3,4-oxadiazole

Benzoic acid (0.5mole) and 4 amino benzo hydrazide
(0.5mole) were placed in round bottom flask, POCI;
(1mole) was added dropwise to it and this mixture was
refluxed for 30to40 min. It was permitted to reach room
temperature. Water (15 ml) was added dropwise and then
contents were refluxed for an additional 3 to 4 hours. The
contents were permitted to cool to ambient temperature
and were subsequently basified with a 0.1M KOH
solution. The precipitate was filtered and recrystallized
using ethanol. The reaction was monitored by thin-layer
chromatography with Toluene: Ethyl Acetate: Acetic

acid in a ratio of 7:3:1 ¥21,
o o
HoN
LI on PoCl, o
. NH, Reflux kl7 ,6

4-aminobenzohydrazide benzoic acid 4-(5-phenyl-1,3,4-oxadiazol-2-yl)aniline

Similarly other derivatives were prepared using relevant
aromatic acids.

2.3.3 Purity of Compound

Purity of synthesized 2(4-amino phenyl),5- substituted
phenyl) 1,3,4-oxadiazoles was assessed using Merck
HPTLC. Sample preparations were done in ethyl acetate
strength Img/ml. Sample application was performed
using a CAMAG Linomat 5 applicator tool on pre-coated
silica gel 60 Fs4 aluminium plates (size 10x10 cm),
applying samples as bands. In optimized mobile phase of
toluene: ethyl acetate: Acetic acid (7:3:1 v/v/v), which
provided sharp, well-resolved bands and distinct Rf
values for all compounds ™-*1. Absorbance was
measured at 273 nm. Mobile phase saturation time was
20 minutes with plate development time was 5 minutes.

2.4Nootropic Activity

The experimental protocol received approval from the
IAEC of MGV’s Pharmacy College, Panchavati, Nashik
(Approval No. MGV/PC/CCSEA/XXXXI1/01/2024-
25/09).
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2.4.1Experimental Design

A total of 42 male Swiss-albino mice (4—6 weeks old, 15—
20g) were consumed in this study. They were
accommodated under conventional conditions with a 7-
day acclimatization period followed by a 7-day treatment
period. The animals were be grouped into 7 groups (n=6).
Group I served as the control as well as administered
0.1 ml of 0.5% CMC orally. Group II was administered
scopolamine (1 mg/kg, 1ip.) to induce memory
destruction, serving as the negative control. Group III
was treated with piracetam by i.p. (dose 200 mg/kg) as
the standard nootropic active agent. Groups I'V and V was
treated with PS-1 at by p.o. with doses 200 and
400 mg/kg, respectively. Group VI was treated with PS-
11 at 400 mg/kg p.o., and Group VII was treated with PS-
14 at 400 mg/kg p.o. Doses were selected based on LDso
values from the Protox-III database. Nootropic activity
was evaluated using the Elevated Plus Maze and/or
Morris Water Maze models, assessing both initial and
retention transfer latencies.

2.4.2Elevated Plus Maze Method:

To screen the effect of test compounds on memory and
learning in Swiss albino mice the Elevated Plus Maze
(EPM) method was utilized. It consisted of four arms—
two open and two closed (each 30 cm X 5 cm)—
connected by a central square (5 cm X 5 cm). The maze
was elevated 50 cm above the floor. On the seventh day,
following the administration of the designated doses,
scopolamine was injected to induce amnesia. Forty-five
minutes after scopolamine administration, the initial
transfer latency (ITL) was recorded. ITL refers to the
duration required for a mouse to transition from an open
arm to one of the closed arms, with all four paws
engaged. If a mouse failed to enter a closed arm within
90 seconds, it was gently guided into one, and the ITL
was recorded as 90 seconds. Prior to ITL assessment,
mice were trained to navigate the maze. Memory
retention was assessed on the eighth day by measuring
the retention transfer latency (RTL), which reflects the
mouse’s ability to recall the learned task. The inflexion
ratio (IR) was calculated using the formula: IR = (LO -
L1) / L1Where: LO = Initial Transfer Latency (seconds)
L1 = Retention Transfer Latency (seconds) %,
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2.4.3The Morris Water Maze Method (MWM):

The MWM technique was employed to evaluate memory
in mice. The apparatus comprised a circular pool with a
diameter of 60 cm and a height of 25 cm, containing 20
cm of water kept at a temperature of 27 &+ 2°C. The water
was rendered opaque with a non-toxic white dye. The
pool was partitioned into four equal quadrants by two
threads positioned perpendicularly across the rim. A
white platform measuring 6 cm by 6 cm was submerged
1 cm beneath the water surface in quadrant 4 (Q4), and
its position remained unchanged during the training
period. Each mouse was immersed in the water and
allotted 120 seconds to identify the concealed platform.
Mice participated in two trials daily, with a 20-minute
inter-trial break, over a span of four consecutive days.
Escape latency (EL)—the duration required to identify
the concealed platform (maximum 90 seconds)—was
documented for each trial. Upon locating the platform, a
mouse was permitted to stay on it for 10 seconds. If it did
not locate it within 90 seconds, it was softly directed to
the platform and permitted to remain for 10 seconds
before being extracted from the pool. A probe trial was
undertaken after 24 hours, during which the platform was
removed. The mouse was positioned in one of the
remaining three quadrants and let to investigate the pool.
The average duration spent in the target quadrant (Q4)
searching for the absent platform was documented as an
indicator of memory retention 461,

2.4.4Statistical Analysis:

The GraphPad Prism 8 was utilized to analyse the results.
The data from all experiments were expressed in the form
of mean + SEM and analysed using ANOVA, followed
by Dunnett’s test for comparison. Values with p < 0.05
were regarded as significant.

4. Results

4.1 In-silico evaluation for biological activity of
designed molecules (pass online)

PASS online analysis revealed that all designed
oxadiazole derivatives exhibited probable nootropic
activity, with Pa values ranging from 0.356 to 0.590,
while Pi values remained significantly lower.
Compounds PS-1 (Pa = 0.584), PS-3 (0.590), PS-9
(0.566), PS-11 (0.547), PS-12 (0.577), and PS-14 (0.563)
demonstrated comparatively higher Pa values, indicating
a strong likelihood of nootropic potential (Tablel).


http://www.jchr.org/

Journal of Chemical Health Risks

www.jchr.org

JCHR (2026) 16(2), 2549-2561 | ISSN:2251-6727

Table 1: Predicted biological activities of the
designed compounds using PASS online

Compound | Biological Pa Pi
activity
(Predicted)

PS-1 Nootropic 0,584 | 0,084
PS-2 Nootropic 0,532 | 0,351
PS-3 Nootropic 0,590 | 0,081
PS-4 Nootropic 0,356 | 0,263
PS-5 Nootropic 0,515 | 0,121
PS-6 Nootropic 0,382 | 0,234
PS-7 Nootropic 0,536 | 0,109
PS-8 Nootropic 0,459 | 0,165
PS-9 Nootropic 0,566 | 0,093
PS-10 Nootropic 0,563 | 0,094
PS-11 Nootropic 0,547 | 0,102
PS-12 Nootropic 0,577 | 0,087
PS-13 Nootropic 0,374 | 0242
PS-14 Nootropic 0,563 0,094
PS-15 Nootropic 0,533 0,111
PS-16 Nootropic 0,521 0,118
PS-17 Nootropic 0,541 0,106
PS-18 Nootropic 0,412 0,204
Piracetam Nootropic 0,876 | 0,008

3.2 In silico evaluation for Pharmacokinetic
properties of designed molecules. (SWISS ADME
software)

SwissADME analysis indicated that most synthesized
compounds exhibited acceptable drug-likeness profiles,
with molecular weights within the permissible range for
central nervous system (CNS) agents. Importantly,
compounds PS-1, PS-4, PS-11, PS-14, and PS-16 were
predicted to be blood-brain barrier (BBB) permeable, a
critical prerequisite for nootropic drugs.(table 2&3).
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Table 2. ADME Prediction of synthesized compound
by Swiss ADME Software.

Comp. Mol.wt | Lipophilicity log | Water
code o/w solubility
PS-1 222 2.59 -3.38
PS-2 23824 | 2.17 -3.23
PS-3 23824 | 2.17 -3.23
PS-4 27024 | 2.04 -3.01
PS-5 23726 | 1.37 -2.19
PS-6 23824 | 1.78 -3.06
PS-7 25424 | 1.78 -3.06
PS-8 286.24 | 2.05 -3.12
PS-9 25326 | 2.04 -3.23
PS-10 25326 | 2.50 -3.23
PS-11 27024 | 1.85 -3.28
PS-12 286.24 | 2.23 -3.12
PS-13 31824 | 1.10 -2.82
PS-14 28525 | 1.55 -2.91
PS-15 28525 | 1.36 -2.91
PS-16 23726 | 237 -3.38
PS-17 25326 | 1.97 -3.23
PS-18 28525 | 1.36 -2.91

142.16 | 0.79 -0.38
Piracetam

Table 3. ADME Prediction of synthesized compound
by Swiss ADME Software.

Comp. GI BBB Bioavailability
code Absorption score

PS-1 + Yes 0.55

PS-2 + No 0.55

PS-3 + No 0.55

PS-4 + Yes 0.55

PS-5 + No 0.55

PS-6 + No 0.55
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PS-7 + No 0.55
PS-8 + No 0.55
PS-9 + No 0.55
PS-10 + No 0.55
PS-11 + Yes 0.55
PS-12 + No 0.55
PS-13 - No 0.55
PS-14 + Yes 0.55
PS-15 + No 0.55
PS-16 + Yes 0.55
PS-17 + No 0.55
PS-18 + No 0.55
Piracetam | + No 0.55

(-): Low; (+): High.

3.3 In silico pharmacological toxicity and dock score
of designed molecules

Protox-III analysis predicted LDso values between 1260
and 2604 mg/kg, categorizing the compounds under low
acute toxicity classes. Notably, PS-1, PS-11, and PS-14
showed favorable toxicity profiles with no predicted
mutagenicity, immunotoxicity, or cytotoxicity, although
mild hepatotoxicity was predicted for most compounds,
a common observation for aromatic heterocycles (Table
4).

The superior docking performance of PS-1, PS-11, and
PS-14 strongly correlated with their predicted BBB
permeability and justified their selection for in vivo
evaluation. Molecular docking studies against human
acetylcholinesterase (PDB ID: 4PQE) demonstrated
strong binding affinities for several oxadiazole
derivatives (Table 4)

Table 4. Toxicity profiles of designed derivative by
Protox-III and Molecular Docking data

Comp. | Pr Pr H|C|I | M Dock

code LDso |Accur m|u C Score
(mg/ |acy (Kcal/
kg) Y| Mol)

%

PS-1 2000 |72.9 AlA|T |1 I | -21

PS-2 2032 | 72.9 A|lA|T |1 I -19
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PS-3 2000 |72.9 AlAlT |T |I |-24
PS-4 2000 |7097 | A|A|TI |I |TI |-5
PS-5 2412 16926 | A| AT |1 I -22
PS-6 2032 [7097 |A|A|T [T |1 |-22
PS-7 2300 (6926 |A|A|T |I |TI |-22
PS-8 1260 | 72.9 AlA|T |1 I -21
PS-9 2000 [7097 | A|A|T |I |1 |-23
PS-10 | 2412 [6926 | A|A|T |1 | -18
PS-11 | 2412 |6926 | A|A|T |1 A | -23
PS-12 | 2604 |6926 | A| AT |1 | A |-22
PS-13 | 2000 |69.26 | A|A|T |I |I |-9
PS-14 | 2500 (6926 | A|A|T |1 I -25
PS-15 | 2500 [6926 | A| AT |1 |1 |-22
PS-16 | 2500 [7097 | A|A|I |I |I |-23
PS-17 | 2000 |7097 |A|A|T |I |I |-21
PS-18 | 2032 [7090 | A|A|T I |I |-22
Piracet | 2000 | 100 I |1 |1 |1 I | -21
am

Pr: Predicted, H:  Hepatotoxicity,C:Carcinogenicity,
Im:Immunotoxicity, Mu: Mutagenicity,Cy: Cytotoxicity

A: Active; I: Inactive
3.4 Molecular Docking using Molecular Modeling

Using Biovia Software 2Dimensional and 3Dimensional
images of ligands with protein were analyzed for active
sites. 2D and 3 D images of PS 14 with protein can be
shown in figure 3a and figure 3b.

: S,
407 H TN

' 42.33

v 286 22T
B, > ~

O © 9

Figure3a. 2D molecular visualization of PS 14 and
protein Biovia software
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Figure3b.3D molecular visualization of PS- 14 with
protein using Biovia software

Ten selected derivatives were successfully synthesized
using a POCls-mediated cyclization approach. The
reactions proceeded smoothly with moderate to good
yields, and structures were confirmed using IR and 'H
NMR spectroscopy.

Characteristic IR peaks corresponding to C=N stretching
of the oxadiazole ring (1680-1705 cm™) and N-H
stretching (3300-3450 cm™) confirmed successful ring
closure. 'H NMR spectra displayed appropriate aromatic
proton signals and amine protons, consistent with the
proposed structures. These findings validated the
structural integrity of the synthesized compounds.

5. Spectral characterization of optimized
compounds.

PS-1 - CisHuNsO (237.26). Appearance: white solid,
melting point 131 °C. IR: 3429.78 cm™ (N-H stretch),
3033.48 cm™? (Ar—H stretch), 1681.62 cm™ (C=N,
oxadiazole), 1626.66 cm™! (N—H bending), 1171.54 cm™
(C-O, oxadiazole), 842.74 cm™ (Ar-H bending). 'H
NMR (8, ppm): 10.58 (2H, broad singlet, -NHz), 7.96
(2H, doublet, aromatic CH), 7.63 (1H, triplet, aromatic
CH), 7.52 (2H, doublet, aromatic CH), 6.53 (2H, doublet,
aromatic CH).

PS-11 - CisH13N30s (283.28). Brown solid, melting point
140 °C. IR: 3306.82 cm™! (N-H stretch), 3033.48 cm™!
(O-H), 3059.3 cm™ (Ar—H), 1697.19 cm™ (C=N), 1630
cm! (N-H bending), 1174 cm™ (C-0), 770.423 cm™
(Ar—H bending). 'H NMR (5, ppm): 6.79 (2H, ddd), 7.23
(1H, doublet), 7.34—7.62 (6H, aromatic), 7.70 (2H, ddd).

PS-14 - CisHioCIN:O (271.70). White solid, melting
point 151 °C. IR: 3347.82 cm™ (N—H stretch), 3065.3
cm™' (Ar-H stretch), 1693.19 cm™ (C=N), 1279.54 cm™!

2556

(C-0), 770.423 cm ! (Ar—H bending), 696.177 cm™* (C—
Cl stretch). '"H NMR (5, ppm): 6.60 (2H, singlet, -NH>),
7.10 (1H, doublet), 6.80 (2H, doublet), 7.40 (1H, triplet),
7.60 (2H, doublet), 7.20 (2H, doublet).

3.5Purity analysis of compound by HPTLC

HPTLC analysis demonstrated excellent purity of the
lead compounds. PS-11 and PS-14 showed 100% purity,
while PS-1 exhibited 99.05% purity, confirming the
absence of significant impurities. Sharp, well-resolved
peaks and consistent Rf values further established the
reliability of the synthesis and purification methods (as
shown in figure 4 and table 5).

e 201

Figure 4. 3D Surface Plot of compound PS-1, PS-11,
PS-14

Table 5: HPTLC Analysis: Rf, Area, and Purity
Assessment of Synthesized Compound

S. | Compound Rf Area Observatio
0,
No Code valu n of. )
e Purity
1. | PS | Pure 0.28 | 14030. | 99.05 %
-1 | Comp 9

Impurit | 0.56 | 134.2 0.95 %

y
2. | PS-11 0.19 | 3749.7 | 100 %
3. | PS-14 0.60 | 7568.4 | 100 %
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PS-1 PS-11 PS-14

Figure6. Densitogram of compound PS-1, PS-11, and
PS-14

3.5Nootropic Activity
3.5.1Elevated Plus Maze

In the scopolamine-induced amnesia  model,
scopolamine significantly increased both initial transfer
latency (ITL) and retention transfer latency (RTL),
confirming memory impairment. Treatment with PS-1,
PS-11, and PS-14 significantly reduced ITL and RTL
values (p < 0.0001), indicating effective reversal of
amnesia (Figure 7).

EPM
100
1 Control
= 8o BEm Scopolamin
3 60 E=m Piracetam
5 == PS-1(200 mg)
E a0 3 PS-1(400 mg)
k] == PS-14(400
£ 20 ( mg)
== PS-11(400 mg)
o
& < P

The values are expressed as mean = SEM (n=6), [ns =
Not significant, **** = p < (0.0001]

Figure 7. Graphical representation of Elevated Plus
Maze activity

3.5.2Morris Water Maze model

In the Morris Water Maze test, scopolamine-treated
animals exhibited prolonged escape latency and reduced
time spent in the target quadrant, reflecting impaired
spatial memory. Administration of PS-1, PS-11, and PS-
14 significantly reduced escape latency and increased
target quadrant exploration during the probe trial.

PS-14 at 400 mg/kg demonstrated the most pronounced
improvement, closely paralleling its superior docking
score and BBB permeability (Figure 8). These results
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suggest that the synthesized oxadiazoles effectively
enhance both learning acquisition and memory retention.
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The values are expressed as mean + SEM (n=6), [ns =
Not significant, **** = p < (0.0001]

Figure 8. Graphical representation of Morris Water
Maze Mode

5.Discussion

The present study aimed to identify novel nootropic
agents based on the 1,3,4-oxadiazole scaffold through a
sequential workflow involving in-silico screening,
chemical synthesis, spectral characterization, purity
assessment, and in-vivo pharmacological evaluation. A
total of eighteen designed derivatives (PS-1 to PS-18)
were initially evaluated computationally, of which ten
compounds were synthesized and three lead molecules
(PS-1, PS-11, and PS-14) were selected for detailed
biological evaluation. Although the Pa values of the
synthesized compounds were lower than that of the
standard drug piracetam (Pa = 0.876), PASS predictions
primarily provide qualitative probability rather than
quantitative efficacy. The favorable Pa > Pi relationship
across the series justified further pharmacokinetic and
docking investigations. All tested compounds showed
high gastrointestinal absorption and a uniform
bioavailability score of 0.55, comparable to piracetam.
The lipophilicity (LogP 1.1-2.6) suggested an optimal
balance between aqueous solubility and membrane
permeability, facilitating CNS penetration without
excessive nonspecific tissue binding. These findings
supported the suitability of selected compounds for in
vivo evaluation. From toxicity study it revealed that
compared to piracetam, which displayed complete
inactivity across all toxicity endpoints, the synthesized
oxadiazoles still remained within acceptable safety
margins, enabling dose selection for animal studies.
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Docking scores ranged from —18 to —25 kcal/mol, with
PS-14 exhibiting the highest binding affinity (-25
kcal/mol), surpassing piracetam (—21 kcal/mol).

Key interactions were observed with crucial residues
involved in AChE inhibition, particularly TRP286,
TYR341, SER293, TYR124, and VAL294. The presence
of m—m stacking interactions with TRP286, a residue
essential for enzyme inhibition, suggests a stable ligand—
enzyme complex and supports a cholinesterase inhibitory
mechanism. In pharmacological activity evaluation it
observed that at 400 mg/kg, PS-1 and PS-11 exhibited
performance comparable to piracetam, while PS-14
showed slightly superior retention improvement. The
calculated inflexion ratios further confirmed enhanced
memory consolidation.

The observed nootropic activity appears strongly
influenced by phenyl substitution patterns on the
oxadiazole ring. Electron-donating and moderately
lipophilic substituents enhanced AChE binding, BBB
penetration, and in vivo efficacy. Particularly, the chloro-
substituted PS-14 exhibited optimal balance between
lipophilicity and receptor interaction, explaining its
superior performance.

6.conclusion

The present study successfully demonstrated the
potential of 2-(4-aminophenyl), 5-substituted phenyl-
1,3,4-oxadiazole derivatives as promising nootropic
agents through a systematic approach involving rational
design, in-silico screening, chemical synthesis, and in-
vivo pharmacological evaluation. A library of eighteen
novel oxadiazole derivatives was initially designed and
subjected to computational evaluation, which enabled the
identification of lead candidates with favorable
biological activity, pharmacokinetic properties, blood—
brain barrier permeability, and acceptable safety profiles.

Molecular docking studies using Molsoft ICM-Pro
revealed that several compounds exhibited strong
binding affinity toward acetylcholinesterase, with
docking scores comparable to or better than the standard
drug piracetam. Among them, PS-14 showed the highest
binding affinity, followed by PS-3, PS-9, PS-11, and PS-
16, indicating effective interaction with key amino acid
residues involved in enzyme inhibition. These findings
strongly  support the cholinesterase inhibitory
mechanism as a probable mode of nootropic action.
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Based on in-silico predictions, ten compounds were
synthesized and structurally confirmed by IR and 'H-
NMR spectroscopy. High purity of the lead compounds
was further established through HPTLC analysis. In-vivo
evaluation using scopolamine-induced amnesia models,
including the Elevated Plus Maze and Morris Water
Maze, demonstrated that PS-1, PS-11, and PS-14
significantly improved learning and memory parameters
at both tested doses, with effects comparable to
piracetam. The dose-dependent cognitive enhancement
observed confirms their efficacy as nootropic agents.

Overall, the study establishes 1,3,4-oxadiazole as a
valuable heterocyclic scaffold for the development of
novel nootropic agents. The consistency observed
between in-silico docking results, pharmacokinetic
predictions, and in-vivo behavioral outcomes validates
the rational drug design strategy employed. These
findings suggest that the identified lead compounds,
particularly PS-14, warrant further investigation,
including detailed mechanistic studies and advanced
preclinical evaluation, to explore their full therapeutic
potential in the management of AD and other cognitive
disorders.
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