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Abstract

Alzheimer's disease is a complex and progressive form of dementia. Its treatment relies on the behavioral and cognitive symp-
toms of an individual. Inhibiting acetylcholinesterase (AChE) and butyrylcholinesterase (BChE) is a primary strategy used
for treating Alzheimer's disease. Pyrazoline is a well-recognized nitrogen-containing five-membered heterocyclic skeleton.
The unique structure of pyrazoline gives it a spatial configuration that leads to the multiple substitution pattern and advanced
pharmacological properties. In an attempt to identify potent acetylcholine (AChE) and butyrylcholinesterase (BChE) inhibi-
tors, new pyrazoline derivatives (IIIa—IIId) were synthesized using conventional method. The synthesised compounds were
purified by column chromatography and were analysed using LCMS, "HNMR, >*CNMR, and Mass Spectroscopic HR-MS
techniques. The derivatives underwent initial screening for in-vitro antioxidant potential. The most potent compound, IIla,
showed IC50 values of 22.15 and 25.09 nM against AChE and BChE, respectively. Additionally, in-silico screening with
AutoDock tools indicated that IIla had promising binding affinities to the targets, with a binding energy (— 8.9 kcal/mol)
comparable to donepezil (— 10.6 kcal/mol). The binding pattern of IIla to AChE's active site justified its in-vitro inhibitory
activity. These findings suggest that compound Illa has potential as a new therapeutic agent for Alzheimer’s disease and is
suitable for pre-clinical evaluation.
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Introduction

Alzheimer's disease (AD) is one of the major types of
dementia predominant in old population (Amin et al. 2021).
Primarily it is a neurodegenerative disease in which there is
a loss of cognitive abilities along with tremendous behavio-
ral change, loss of memory and finally, death (Li et al. 2017).
It is reported that almost 50 million world population is suf-
fering from AD which doubles every 5 years and is expected
to reach 152 million by 2050 (Breijyeh and Karaman 2020;
Malik, et al. 2023). The pathophysiology of Alzheimer's
disease is quite complicated. There are two major hypoth-
eses regarding AD disease; the amyloid hypothesis and the
cholinergic hypothesis. Amongst the identified factors which
contribute to the development of the disease are a lower
level of acetylcholine (AChE), an imbalance of biomark-
ers, and oxidative stress (Gawad, et al. 2010). The cholin-
ergic hypothesis suggests that due to the loss of cholinergic
function in CNS, there is a decrease of cognitive behaviour
which ultimately leads to memory disturbance. By inhibit-
ing the acetylcholinesterase enzyme (AChE), the cholinergic
function could be restored which then results in the elevated
level of acetylcholine (ACh) (Bohnen, et al. 2018). Two
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different types of cholinesterase enzymes are involved in the
degradation of ACh, namely acetylcholine esterase (AChE)
and butyrylcholinesterase (BChE). Although acetylcholine
is a major enzyme which garnered great attention as a major
target for AD, however, butyrylcholine esterase (BChE) is
also under consideration due to its main role in the regula-
tion of AChE levels in AD patients (Adeowo et al. 2022).
Pyrazoline is an important nucleus in the field of organic
and medicinal chemistry, containing a five-membered nitro-
gen ring (Kanwal, et al. 2022; Mathew, et al. 2013). Pyrazo-
line is also emerging as a potent entity in the discipline of
drug design and development (Song et al. 2020). Pyrazoline
has one endocyclic double bonds and two adjacent nitrogen
atoms. Among its chemical forms include (Fig. 1), 1-pyrazo-
line, 2-pyrazoline, and 3-pyrazoline, the most studied being
2-pyrazoline owing to its stability compared to the other
forms (Haider, et al. 2022). The 2-pyrazoline nucleus is the
part of many active drugs including, antipyrine, ramifena-
zone, ibipinabant, and axitinib (Wang, et al. 2013). Pyrazo-
lines are used as an isostere of heterocyclic rings including
imidazole, thiazole, isoxazole, tetrazole, oxazole, triazole
and more due to their strength to alter the physicochemical
properties and pharmacological profile (Yang, et al. 2013;



Chemical Papers (2024) 78:2033-2042

2035

1
S NH
\
4 N2
3
NH NH

N \ \
\ N LG
3-Pyrazoline

1-Pyrazoline 2-Pyrazoline

Fig. 1 Chemical structures of Pyrazoline Scaffold

Rathore et al. 2014). First Pyrazoline was synthesized by
Knoevenagel and Fisher reactions by «, f-unsaturated
ketones and hydrazine cyclization reaction followed by other
improved methods (Farooq and Ngaini 2020; Ozgun et al.
2019; James, et al. 2018; Yamali, et al. 2020).

Pyrazoline derivatives have been reported to exhibit a
versatile spectrum of biological activities including, anti-
cancer (Rathore et al. 2014), anti-convulsant (Ozdemir,
et al. 2007), anti-inflammatory (Kharbanda et al. 2014),
anti-tubercular, anti-bacterial (Ali et al. 2007; Joshi, et al.
2016), anti-depressant (Prasad, et al. 2005), anti-malarial
(Acharya, et al. 2010), anti-fungal (Altintop, et al. 2015),
anti-cholinesterase (Nehra et al. 2020), monoamine oxidase
(MAO) (Gokhan-Kelekgi, et al. 2009), carbonic anhydrase
(CA) inhibition (Khloya et al. 2015) and neuroprotective
activity (Kamogawa et al. 2014). The research described
in this paper outlines synthetic strategy, docking analysis,
anti-oxidant, acetylcholine esterase (Ach) and butyrylcho-
linesterase (BChE) inhibitory effect of newly synthesized
pyrazoline derivatives.

Experimental
Chemicals and reagents

All building blocks and chemicals were purchased from
different suppliers. Di-ketones were purchased from Fluo-
rochem (UK) and nicotinic acid hydrazide (INH) was pur-
chased from Sigma Aldrich (St. Louis, MO, USA). All
chemicals were at least 99% pure and of HPLC grade. Reac-
tions were monitored by using Thin Layer Chromatography
(TLC) plates (Merck silica gel 60F 254 plates) and were
visualized under ultraviolet light (UV) at 254 nm wave-
length. Manual column was performed to purify the impure
compounds by using silica gel (Merck 9385, 230—400 mesh,

ASTM, 40-60 uM). Ethyl acetate was used as a solvent sys-
tem (mobile phase) in TLC to see the separating profiles
of compounds. Bruker AM-300 (Billerica, Massachusetts,
UK) was employed to predict the NMR of all synthesized
compounds at 400 MHz. These spectra were interpreted by
ACD/NMR Processor Academic Edition software. LC-MS
was processed on a Water Alliance 2695 HPLC which is
coupled with Waters Micro mass ZQ instrument along with
a Waters 2996 PDA. Chemical shifts (3H) are expressed in
ppm compared to deuterated DMSO, with residual signals
8H=2.5 and 13C 5=44. Multiplicities of 'HNMR spectra
are expressed as s =singlet, d=doublet, t=triplet, m =multi-
plet. Melting points of all compounds were checked through
Digital Kamp apparatus (Sanyo, Osaka, Japan). For the
acetylcholine esterase (AChE) and butyrylcholine esterase
(BChE) inhibitory assay, an Elisa Colorimetric kit (Catalog
# K197-100, Bio Vision) & (Catalog # MBS846801, Bio
Vision) was used.

Chemistry

General procedure for the synthesis of (5-substituted
-3-methyl-4,5-dihydro-1H-Pyrazol-1-yl) (pyridine-4-yl)
methanone (llla-llid)

An equimolar quantity of compound I (Isoniazid) (0.1 mol)
and 1,3-dicarbonyl (0.1 mol) (II) were taken in a flask and
dissolved in ethanol. A few drops of glacial acetic acid
(GAA) were used as a catalytic agent to provide an acidic
environment. The reaction mixture was refluxed in a water
bath. The reaction progress was monitored with the help
of TLC (ethyl acetate: pet ether, 1:3 ratio). After the com-
pletion of the reaction, the solvent was evaporated using
rotary evaporation, and the crude product was purified with
the help of column chromatography (dry loading) (Knorr,
L.J.B.d.d.c.G. 1883).

(5-ethoxy-5-hydroxy-3-methyl-4,5-dihydro-1Hpyrazol-1-yl)
(pyridine-4-yl)methanone (llla)

'H NMR: (DMSO-dg, 6 ppm): 7.752-8.795 (m, 4H, Ar-H),
1.132 (t, 3H, CH;3), 2.229 (s, 3H, CH;) 3.929-4.050(q,
2H, CH,), 3.351-3.429(s, 2H, CH,), 4.683 (s, 1H, OH).
13C NMR (DMSO dg, 8 ppm): (14.09, 1C), (25.30, 1C),
(50.09, 1C), (61.21, 1C), (121.43, 1C), (121.20, 10),
(123.76, 1C), (149.91, 1C), (149.20, 1C), (151.96, 1C),
(162.38, 1C), (169.42, 1C). LC-MS at 5Smint run: 3.839
mints, purity: 100%. HR-MS calculated for C,, H;5 N5 O,
is 249.1186 [M+H]™, calcd, 250.1181. [M+H]™. (see the
supplementary data). COSY NMR (see the supplementary
data). Anal. Calculated for C , H s N ;0 5: C, 57.82%, H,
6.07%, N, 16.86%, O, 19.26% M.W. 249.27 Yield 55% m.p.
130-140 "C. R, value 0.91. Colourless needles.

@ Springer



2036

Chemical Papers (2024) 78:2033-2042

5-ethoxy-4-fluoro-5-hydroxy-3-methyl-4,5-dihy-
dro-1H-pyrazol-1-yl)(pyridine-4-yl)methanone (lllb)

'H NMR: (DMSO-dg, 6 ppm): 6.182-9.193 (m, 4H, Ar-H),
1.661-1.694 (t, 3H, CHj;), 2.944 (s, 3H, CH;), 3.780(s, 1H,
CH), 4.669-4.693 (q, 2H, CH,), 11.506 (s, 1H, OH). *C
NMR (DMSO dg, 8 ppm): (14.09,1C), (15.50, 1C), (50.09,
1C), (108.30,1C), (121.43,1C), (121.20,1C), (123.76,
10), (149.91,1C), (149.20,1C), (151.96,1C), (162.38,1C),
(169.42,1C). LC-MS at 5mint run: 4.314 mints, purity:
100%. HR-MS calculated for C;, H,, F N5 O5 is 267.102
[M+H]", caled, 268.109. [M +H]™. (see the supplemen-
tary data). COSY NMR (see the supplementary data). Anal.
Calculated for C , H |, FN ;0 5: C, 53.93%, H, 5.82%, F,
7.11, N, 15.72%, O, 17.96% M.W. 267.26 Yield 52% m.p.
132145 "C. R; value 0.98. Colourless needles.

3-ethyl-4-fluoro-5-hydroxy-5-methoxy-4,5-dihydro-1H-pyra-
zol-1-yl)(pyridine-4-yl)methanone (llic)

"H NMR: (DMSO-d,, & ppm): 7.813-8.816 (m, 4H, Ar-H),
1.066 (t, 3H, CHj;), 3.360 (s, 3H, CH;), 3.789(s, 1H, CH),
1.124-1.171 (q, 2H, CH,), 10.964 (s, 1H, OH). '3*C NMR
(DMSO dg, 8 ppm): (14.09, 1C), (18.20, 1C), (50.09, 1C),
(105.43, 1C), (121.43, 1C), (121.20, 1C), (123.76, 1C),
(149.91, 1C), (149.20,1C), (151.96, 1C), (162.38, 1C),
(169.42, 1C). LC-MS at 5mint run: 4.156 mints, purity:
100%. HR-MS calculated for C;, H,, F N5 O; is 267.102
[M+H]", caled, 268.109. [M +H]™. (see the supplemen-
tary data). COSY NMR (see the supplementary data). Anal.
Calculated for C , H |, FN ;0 5: C,53.93%, H, 5.28%, F,
7.11, N, 15.72%, O, 17.96% M.W. 267.26 Yield 51% m.p.
132-145 "C. R; value 0.97. light brown needles.

(4-flouro-5-hydroxy-3,5-dimethoxy-4,5-dihydro-1-hydro-
pyrazol-1-yl)(pyridine-4-yl)methanone (llid)

"H NMR: (DMSO-dg 6 ppm): 8.191-9.004 (m, 4H, Ar-H),
1.225 (s, 3H, CH,), 4.244(s, 1H, CH), 5.595 (s, 1H, OH). *C
NMR (DMSO dg, d ppm): (62.48, 1C), (84.83, 1C), (86.80,
1C), (123.90, 1C), (141.59, 1C), (147.49, 1C), (163.49,
1C), (164.90, 1C), (166.14, 1C), (166.38, 1C), (165.62,
1C). LC-MS at 5 mint run: 4.2 mints, purity: 100%. COSY
NMR (see the supplementary data). Anal. Calculated for C
nHFN;0,C,49.07%, H, 449%, F, 7.06, N, 15.61%,
0, 23.77% M.W. 269.229 Yield 42% m.p. 130-147 "C. R;
value 0.93. light brown needles.

(3,5-diethoxy-4-fluoro-5-hydroxy-4,5-dihydro-1H-pyra-
zole-1-yl) (pyridine-4-yl) methanone (llle)

'H NMR: (DMSO-d¢ 8 ppm): 8.051-8.960 (m, 4H, Ar-H),
1.211-1.247 (t, 3H, CHy), 1.339-1.373 (t, 3H, CH,), 5.588
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(s, 1H, OH), 5.705 (s, 1H, CH), 4.214-4.265 (q, 3H, —-CH,),
4.369-4.422 (q, 2H, ~CH,,. °*C NMR (DMSO dg,  ppm):
(14.29, 2C), (62.48, 1C), (84.83, 1C), (86.80, 1C), (123.90,
1C), (141.59, 1C), (147.49, 1C), (163.49, 1C), (164.90, 1C),
(166.14, 1C), (166.38, 1C), (165.62, 1C). LC-MS at Smint
run: 4.9 mints, purity: 100%. COSY NMR (see the supple-
mentary data). Anal. Calculated for C ;s H | FN ;O 4
C, 52.52%,H, 5.42%, F, 6.39, N, 14.13%, O, 21.53% M.W.
297.282 Yield 41% m.p. 133-145 'C. R; value 0.96. dark
brown needles.

Biological study

diphenylpicrylhydrazide (DPPH) free radical scavenging
activity

This assay was performed by using the published protocol
with minimal changes (Bibi et al. 2011). Stock solution of
PDDH was prepared in 100 ml of methanol by dissolving
9.2 mg of DPPH. Vitamin C (ascorbic acid) was used as
standard drug and its stock was prepared by mixing 1 mg/ml
in DMSO solvent. 4 mg from each compound was dissolved
in 1 ml of DMSO to prepare final stock solution. All samples
were tested for DPPH potential and it was confirmed through
the change of purple colour into yellow in DMSO solution.
In a 96-well microplate, 10 pl of the test sample and 190 pl
of DPPH reagent were added to prepare the final volume
of 200 pg/ml of the sample. The sample plate was incu-
bated in darkness for 60 min at 37 °C. DMSO and ascorbic
acid were used as negative and positive control respectively.
Microplate reader was used to measure the absorbance of
the samples at 517 nm (Miana, et al. 2022). A decrease in
absorbance indicated the presence of Free Radical Scav-
enging potential of the test compounds. All samples and
standards were diluted three folds to perform this assay. The
percentage of radical scavenging activity was determined
using the following formula.

%age scavenging activity = (1-Abs/Abc) x 100).

Abs = absorbance of sample.

Abc =absorbance of negative control.

The serial dilutions were as: 40, 20 and 10 pg/ml.

In-vitro acetylcholinesterase (AChE) inhibitory activity

Based on the antioxidant results, the most active com-
pound (IIIa) was evaluated for its ability to inhibit the ace-
tylcholine esterase enzyme. This test was performed using
the AChE screening colorimetric kit (catalogue # K197-
100, BioVision). This kit is in a 96-well form and used
for rapid screening of AChE inhibitors. The inhibitor was
diluted 100X or higher concentration and diluted to 20X
using AChE assay buffer. From the dilution of 20X, 10uL
of test inhibitor was added into the designated 96-well
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plate. 412 nm was employed to measure the absorbance
(OD) for 40mints under kinetic mode. DMSO was used
as control. GraphPad Prism program package (Graph Pad
Software) was used to calculate the non-linear regression
analysis of the response-concentration (log) curve. This
method was employed to finally calculate the ICs, values
(Eissa, et al. 2022).

In-vitro butyrylcholinesterase (BChE) inhibitory activity

The most active analogue (IIla) was further investigated for
its in-vitro butyrylcholinesterase inhibitory effect using the
BChE activity colorimetric kit (Catalogue # MBS846801,
Biovision). 96-well plate assay kit was used for this test.
120-fold dilution for BChE was prepared and it was kept on
ice. In each well containing test samples, 100 pL of diluted
BChE substrate was merged. BChE was used as positive
control. In each well BChE assay buffer of 100 pL was
added. Multiwall spectrophotometer was used to measure the
absorbance at 412 nm for 30 mints in kinetic mode. ICs, val-
ues were calculated using Graph Pad Prism program package
(Graph Pad Software) through non-linear regression analysis
(Eissa, et al. 2022).

In-silico analysis

To further understand the inhibitory effects of all compounds
on AChE enzyme, all compounds were docked against the
AChE enzyme using AutoDock Vina version 4.2.6 to assess
their potential binding energies at the binding site of the
targeted protein in San Diego, CA, USA (Miana, et al. 2022;
Herowati and G.P.J.Q.S.-a.R. Widodo 2017). The X-ray
crystal structure of the AChE enzyme (PDB ID: 4PQE)
was downloaded from the protein data bank (http://www.
rcsb.org/pdb) (Volkamer et al. 2012). The DoGi Site Scorer
(http://bio.tools/dogisitescorer) was used to locate the active
binding pockets of the targeted protein. For the purpose of
docking, ligand—protein complexes were formulated, and the
targeted proteins were cleaned using Biovia Discovery Visu-
alizer (DSV) to remove water and co-crystallized ligands
prior to being stored in PDB format. The structures of the
synthesized compounds were drawn in ChemSketch, and
their mol files were generated. All files were converted into
PDB format using Open Babel. AutoDock Tools of version
1.5.6 was also used to create PDBQT files of all ligands and
the targeted protein. Furthermore, PyRx, a digital molecular
docking software, was employed. The conformational poses
and ligand-target interactions were interpreted using Bio-
via DSV. The best poses of the co-crystallized ligands were
compared with the best poses of the re-docked confirmation
to validate the docking.
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Scheme 1 The schematic path and reagents used for the synthesis of
Pyrazoline derivatives (Illa-I11d)

Results and discussion
Chemistry

In this study we synthesized series of new pyrazoline
derivatives (IIla, ITIb, I1Ic, ITId, IIIe) by coupling reac-
tion of Isonicotinic hydrazide (INH) using ethanol as sol-
vent with reflux for 7-8 h (method reported in experi-
mental section) (Scheme 1). Pyrazoline based compounds
are reported for a wide range of pharmacological actions
including antiepileptic, antidepressant, and anti-neurode-
generative effects (Sapnakumari, et al. 2015; Ozdemir,
et al. 2018). These effects can be justified, thanks to the
lipophilic nature of these compounds, enabling them
to cross the blood brain barrier (BBB). The characteri-
zation of all the compounds was done by 'HNMR, '3C
NMR, LC-MS and HR-MS analysis. In the THNMR data
of compounds (IITa-IIle), the multiplets of aromatic pro-
tons, were observed in the range of aromatic region i.e.,
6.18-9.19 ppm. The quartets of methylene group (—-CH,)
were observed at 4.66—4.69 ppm. The singlet of hydroxyl
group —OH was seen at 4.68 ppm and 10.96-11.50 ppm.
The triplets of methyl group —CH; were also observed in
their expected area. The other spectroscopic data and ele-
mental analysis were also in agreement with the proposed
structures of the compounds Table 1.
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Table 1 Structures of all newly synthesized INH based Pyrazoline
derivatives
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Biological results
Anti-oxidant effect of Pyrazoline derivatives

The DPPH assay was performed to assess the antioxidant
potential of all newly synthesized derivatives using a 96-well
plate through microplate reader. The results of the antioxi-
dant assay for all synthesized compounds are summarized
in Table 2 in terms of mean percentage inhibition by the
DPPH assay. The IC, values were calculated by non-lin-
ear regression analysis of the response-concentration log
curve using the GraphPad Prism program package (Graph-
Pad Software). Multiple dilutions (2.5, 5 and 10 pL) were
used. The compound IIla showed best antioxidant poten-
tial (IC5,=17.88+10.60 nM), closely followed by IIIb
(IC57-22.52+6.11 nM) as given in Table 2. It seems that the
addition of electronegative atom (Fluorine) effected the anti-
oxidant potential (IIb) in a negative way while the removal
of ‘OET’ group and adding F’ atom as side chain diminished
the activity (Illc, IIId & IIle). Consequently, by changing
the R’ groups on final derivative and adding electronega-
tive atoms the biological activity was badly affected. As the
results depicted that the first compound IIla has prominent
biological effect, by adding electronegative fluorine (F) atom

@ Springer

at 4th position the activity gradually reduced. By altering
R’ groups at 3rd and 5th position along with the addition of
F’ atom the biological potential predominantly decreased
(I1Ib, IIIc & IIId). The best results of the compound Illa
encouraged us to further screen it using in-silico and in-vivo
models.

In-vitro acetylcholinesterase (AChE) & Butyrylcholinester-
ase (BChE) inhibitory activity of the compound llla

The inhibitory potential of the compound IIla against AChE
and BChE was assessed by using the acetylcholinesterase
and butyrylcholinesterase inhibitor assay kit, following the
reported protocol (Ellman et al. 1961). This assay is based
on the capability of human AChE to hydrolyze the colori-
metric substrate, generating the yellow colour which can be
detected through absorbance at 412 nm. DNP (reversible
ACHhE inhibitor) is responsible for the suppression of enzyme
activity which may lead to the prohibiting the chromophore
generation. The results are expressed in the form of standard
error of mean +SEM in Table 3. The potent compound IIla
exhibited a significant ability to inhibit the acetylcholinest-
erase (AChE) and butyrylcholine esterase (BChE) with ICy,
values of 25.15 nM and 22.09 nM respectively compared
to Donepezil. The values are expressed as mean+ SEM.
Symbols *p <0.05, ¥*p <0.01 and ***p <0.001 show sig-
nificance level compared to the standard drug (donepezil).
Data was analyzed via TWO-WAY ANOVA followed by
Bonferroni post-test.

In-silico analysis

To further validate the results, molecular docking study
was performed using the protein AChE via AutoDock Vina
version 4.2.6. Co-crystallized ligands with INH derivatives
(I1Ia, IIIb, ITIc) were docked at the active sites of the targeted
protein. The X-ray crystal structure of the protein AChE
(PDBID: 4PQE) was downloaded from the online Protein
Data Bank. Re-docking of the co-crystallized ligand with
the same target was done to confirm and validate the dock-
ing procedures. Pose analysis confirmed the perfect align-
ment with the original ligand and exhibited the same binding
interactions as depicted by the X-ray crystallographic PDB
file. Different 2D binding interactions of compounds IIla,
IIIb, and IIIc with the receptor’s active sites, resulting from
the re-docked co-crystallized ligand, are shown in Fig. 2A,
B. All results in the form of binding energies are summa-
rized in Table 4.

For compound IIla, one conventional hydrogen bond
was observed between the hydrogen atom of the —OH group
and the tyrosine (A: 121) residue, indicating its good inter-
action with the targeted active site. This interaction also
had a distance of less than 2 A from the molecule. One
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Table 2 Free radical scavenging potential of all compounds with their ICs, values and standard reference compound ascorbic acid as positive

and DMSO as negative control

Compound code | Conc. | Abs | % Age inhibition| ICsomM) Structure
10 ul | 0.539 | 75.69 17.88+10.60 0
Illa S5ul [ 0.666 | 54.84 NN
2.5ul | 0.762 | 39.08 N ~
HO Ot
IIIb 10 ul |0.621 | 62.23 22.52+6.11 0
Sul 0.708 | 47.94 X NN
| \
2.5l | 0.747 | 41.54 N~ 4\2’
HO OEtF
10 ul | 0.818 | 29.88 — o
1 @AN/N\
C
/
(@]
10 ul | 0.410 14.29 - @/MN’N\ 0
I11d \
s
o)
_ N -N
IMIe 10 ul | 0.396 13.99 N,/ N7 o\/
HO'4 v
Ascorbic acid | 10 ul | 0.412 | 96.55 2.44+11.51
Sul 0.531 | 77.01
2.5 ul | 0.655 | 56.65
DMSO 10 ul | 0.609 —
(Negative)
Table 3 AChE and BChE
inhibitory effect of the Compound Code Conc (ug/mL) AChE BChE
compound IIla % Inhibition IC5, (nM) % Inhibition ICs, (nM)
Illa 500 76.30+2.87°"" 25.15 77.37+1.04™ 22.09
250 68.14+0.54"" 71.37+£0.54™
125 63.77+1.08"" 66.30+2.61"""
62.5 56.77 +1.88"" 59.42+1.05™
31.25 48.22+0.47" 53.52+2.52""
Donepezil 500 95.24+0.90 2.82 93.12+0.56 4.61
250 91.45+0.43 87.45+0.43
125 87.88+0.82 83.44+0.40
62.5 83.12+0.14 78.90+0.92
31.25 77.88+0.44 72.12+0.20

carbon-hydrogen bond was observed between the glycine
(A: 118) moiety and the carbon atom. Additionally, one pi-pi
hydrophobic interaction was seen between the tryptamine
(A: 84) amino acid and the aromatic ring of compound

IITa. These interactions confirmed its biological potential.
For compound IIIb, one conventional hydrogen bond was
observed between the tyrosine (A: 121) residue and the
—OH group in the compound. This bond lies at a distance
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TR PHE
A:84 TYR A:330 SER
P GLU - 3.72 A:200
4.72 A:199 A:121 3 o :2
i ® ; A2l 3.76
: / 1.87
: & . TYR
GLY . A:334
A:118 b ) P
3.51 kit o
= O\ ’ 431
0 ‘ y '
/ \ ’ TRP / ¢ 4.23 pHE
- O/ N He7 A Vi N A:331
4.69
K 4 TRP 3.86 $98
3:60 “.1.92 A:84 .
X PHE
PHE TYR A:330
A:330 A:121
Interactions
R [l Conventional Hydrogen Bond [] Pi-Donor Hydrogen Bond
[ conventonalHycrogen Bond B Psome Interactions [ Carbon Hydrogen Bond [l Piistacked
[ CarbonHycrogenond [ PeiTshaved [ Conventional Hycrogen Bond B isoma [ Pication [ Piaknt
|:| Pi-Anion :] Pi-Pi T-shaped
IlIa b IIc

A post-dock analysis performed through Biovia Discovery studio visualizer depicting 2D
poses of interactions between compound IIla, IIIb, ITllc & AChE active binding pockets

ARG
A:Z89

Interactions

[:I van der Waals - Pi-Sigma
- Conventional Hydrogen Bond D Pi-Pi Stacked
I:l Carbon Hydrogen Bond B Pi-Pi T-shaped

B post-dock analysis performed through Biovia Discovery studio visualizer depicting 2D

poses of interactions between Donepezil (DNP) & AChE active binding pockets

Fig.2 A post-dock analysis performed through Biovia Discovery stu- performed through Biovia Discovery studio visualizer depicting 2D
dio visualizer depicting 2D poses of interactions between compound poses of interactions between Donepezil (DNP) & AChE active bind-
IITa, IIIb, Illc & AChHE active binding pockets. B post-dock analysis ing pockets
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Table 4 Binding energies of the compounds as docked against AChE

Compound Binding
energies/
kcal/mol

IITa -8.9

1IIb -8.2

IIIc -8.3

Donepezil (DNP) -10.6

of 1.78 A from the molecule. Two good hydrophobic inter-
actions were observed between the aromatic ring residue
and the amino acid residues GLU (A: 199) and tryptamine
(A: 84) present at the active site of the protein. A pi-sigma
bond was observed between the phenylalanine (A: 330) and
the alkyl residue. In the case of the binding interactions of
compound IIc with the targeted protein, one conventional
favourable hydrogen bond was observed between the -OH
group and the tyrosine (A: 121) amino acid residue. Pi-donor
hydrogen bond and one carbon-hydrogen bond were seen
between the alkyl residue and SER (A: 200) and oxygen
atom and TRP (A: 84) amino acid residues, respectively.
Pi-pi stacked and pi-cation bonds were located between the
nitrogen atom and PHE (A: 330) and TYR (A: 334) linked
through the methyl residue. These two interactions unfavora-
bly affected the biological aspects of compound IIlc.

Conclusion

A new series of pyrazoline derivatives (IIla-IIId) was
designed and synthesized. These compounds were charac-
terized using various spectroscopic techniques. Initially, all
derivatives were screened for their antioxidant effects via the
DPPH assay. Among them, compound IIla exhibited the best
results, with an IC50 value of 17.88 +10.60 nM. This potent
compound was further assessed for its inhibitory potential
against AChE and BChE enzymes and demonstrated signifi-
cant inhibition with ICy, values of 22.15 nM and 20.09 nM,
respectively. These results were rationalised by molecular
docking studies targeting the AChE enzyme, in comparison
with donepezil (DNP), a standard drug. The compounds dis-
played favorable binding energies with the target protein's
active pockets (—8.9, —8.2, — 8.3 kcal/mol). Collectively,
these findings strongly suggest that the synthesized pyra-
zoline derivative (IIla), with its notable antioxidant and
enzyme inhibitory effects, is a promising candidate for fur-
ther research as a therapeutic agent in treating Alzheimer’s
disease.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11696-023-03224-1.
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