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Abstract

Super-activation of cholinesterases (acetylcholerase and butyrylcholinesterase) are linked t@uar
neurological problems most precisely Alzheimer'sedise (AD), which leads to senile dementia.
Therefore, cholinesterases (AChE & BChE) inhibitire considered as a promising strategy for the
treatment of Alzheimer's disease. FDA approved drigy the treatment of AD, belong to a group of
cholinesterase inhibitors. However, none of themalile to combat or completely abrogate the disease
progression. Herein, we report a series of newhil®sized chalcone derivatives with anti-AD potanti
For this purpose, a series of piperidyl-thienyl @igdyrazoline derivatives of chalcones were tested
their cholinesterases (AChE & BChE) inhibitory &itti. All compounds were found as selective
inhibitor of AChE. In piperidyl chalcones derivagiv compounde having 1G, of 0.16+0.008 yM and

2m in 2-pyrazoline chalcones with 4gbf 0.13+0.006uM, were found to be the most potent inhibitors of

AChE, exhibiting=142 and= 173-fold greater inhibitory potential comparedthe reference inhibitor

i.e., Neostigmine (I + SEM = 22.2 + 3.2 uM). Molecular docking studigsneost potent inhibitors

were carried out to investigate the binding inteoms inside the active site. Molecular dockingdstu

revealed that potent compounds and co-crystaligehdl had same binding orientation within the activ

site of target enzyme. Most of these compoundssatective inhibitors of AChE that can be to use

against progressive neurodegenerative disordeag@delated problems in near future.
Key words: Alzheimer's disease, cholinesterases inhibitorpefdyl-thienyl derivatives, 2-pyrazoline

derivatives of chalcones, molecular docking.
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1. Introduction

Cholinesterases (ChEs) belong to a supper famibstdrase/lipase enzyme that catalyze the hydsabysi

a neurotransmitter acetylcholine (ACh) into cholaed acetic acid and thus terminate the cholinergic
neurotransmission [1]. This catalytic reaction glan important role to allow a cholinergic neuron t
come back into its resting state after activatMpstly present in cholinergic and non-cholinergesties
and other body fluids including plasma [2]. On baesis of substrate specificity and inhibitors, types

of cholinesterase co-exist simultaneously throughothe body; acetylcholinesterase and
butyrylcholinesterases [3]. Both these forms amghlyi homologous i.e., > 65% but are products of
different genes on the chromosomes 7 and 3 in ch$eiman, respectively [4]. Acetylcholinesterase
(AChE; E.C. 3.1.1.7) is a membrane- bound enzyniadan many types of conducting tissues; nerve
and muscle, cholinergic and non-cholinergic fibemmntral and peripheral tissues, sensory and motor
neuron fibers while butyrylcholinesterase (BChECRB.1.1.8), also called plasma cholinesterase or
pseudo- cholinesterase is mainly distributed in likier, intestine, heart and lungs [5,6]. The main
biological role of AChE is the termination of imgel transmission by quick hydrolysis of the cationic
neurotransmitter acetylcholine [7] while BChE méaeorably catalyze butyrylcholine (BCh) but cancals
hydrolyzes ACh up to some extent [8,9]. On the das$icholinergic hypothesis, memory impairment in
the patients of Alzheimer’'s disease (AD) and deimdrtdue to selective and irreversible insufficigin

the cholinergic functions in the brain [10]. Demantottenly also called senility, is a vast grafgorain
diseases that often cause long term and gradulhelét thinking ability of the person. It is greatough

for affecting a person’s daily life functions [1XDther most common syndrome includes problem with
language, emotional problem and a decrease in atimtiv[12]. Usually, a person’s consciousness ts no
affected in dementia [13]. There are different t/pé dementia, most common is Alzheimer’'s disease
which is responsible for 50-60 % cases of demeaarianoticed in the adults of USA and Europe. Other
common types include vascular dementia (25%), Ldwgdy dementia (15%) and frontotemporal
dementia. Less common types include Parkinsoneadis syphilis, normal pressure hydrocephalus and
Creutzfeldt-Jakob disease. In DSM-5, dementia wakassified on the basis of various degree of #gver

as a neurocognitive disorder[14].

According to WHO report 2001, the number of dermeseerspecially, AD cases in western countries will
be doubled by every twenty years and will becoriien in China and India with twenty nine million
peoples in 2020, mostly owed to increased humagehaty [15]. Even though the unknown morphology
of AD, levitation of ACh amount through the inhibit of AChE has been accepted as the most potent
treatment scheme against AD [16]. Therefore, ACnE BChE inhibitors have become the curious
option in the treatment of AD patients. Howeveristent drugs (donepezil, tacrin and rivastigmine)
having AChE inhibitory are only convincing agaitis¢ mild type of AD while there is no drug avaikabl
that shows BChE activity to present, yet [17]. Ganeently, a lot of pressure develop on researdbers



discover new drugs in order to conflict dementia @&D. Our group selected a series of chalcones
derivatives to test the inhibitory activity of Chudsterases because chalcones (natural and sghtheti
illustrate a lot of biological activities like arftingal [18], anti-tuberculosis [19], analgesic [2anti-
oxidant [21], anti-leishmanial [22], anti-malarigR3], anti-viral [24,25], anti-inflammatory and
molluscicidal [22], anti-amoebic [26], anti-deprast anti-convulsant properties [27], and monoamine
oxidase inhibitory (MAO) activity [28] etc. Keepirig-mind the aforementioned biological importanée o
chalcones derivatives, herein we explored a safieshalcones based pyrazoline derivatives as potent

cholinesterase inhibitors along with their moleculacking, ADME properties and established SAR.

2. Materials and methods
2.1. Synthesis of chalcones derivatives

A systematic scheme for the synthesis of piperidignyl chalconesla-1j) and 2-pyrazoline derivatives

of quinolyl thienyl chalcone6é-2ab) has been already published in our previous pd@ér30].

2.2. Materials

All the chemicals and reagents including Electrad AChE, quine serum BChE, acetythiocholine
chloride, butyrylthiocholine chloride, 3;Bithiobis[2-nitrobenzoic acid]] (DTNB) were purcked from
Sigma Aldrich (St. Louis, MO, USA) and Merck (Datiadt, Germany). All chemicals used were of

analytical grade. Neostigmine and donepezil weesl @s standard drugs.

2.3. Cholinesterases (AChE and BChE) assay pr otocol

The cholinesterases (AChE& BChE) inhibition studiese determined by Ellmann’s spectrophotometric
method [31] with slight modifications using aceljticholine chloride and butyrylthiocholine chloride
substrates for AChE & BChE, respectively. Totalctem mixture was 100 uL that contain 60 pL
phosphate buffer (50 mM, pH 7.7), 10 pL test conrmab(1% DMSO, final conc. of compound 0.1 mM
well™) and 10 pL of AChE (0.015U/well, E.C.3.1.1.7, fradectric eel) or 1L of BChE (0.01U/well,
E.C.3.1.1.8, from equine serum). The contents offi @&ell was mixed thoroughly followed by incubation
at 37°C for 10 min and their absorbance was recorde@%ivn as optical density. Then, 41D substrate

(0.5 mM acetylthiocholine chloride) for AChE inhiilbin assay or (0.5 mM butyrylthiocholine chloride)
for BChE inhibition assay was added followed byitidd of 10 uL. DTNB (0.5 mM well"). Then the
mixture was further incubated at 37 for 20 min. Finally, absorbance at 405 nm wasn@ed using 96-

well plate reader (BioTek ELx800, Instruments, I0&A). All experiments were performed in triplicate
with their respective control. Neostigmine (0.1 mMell") was used as positive control. Percent
inhibition was calculated by using the followingrwula

% inhibitic: 100-(A/A¢) x100



Where “A" and “A." are absorbance obtained for respective enzymehEA& BChE) in the presence

and absence of the inhibitors, after subtractiegréspective background (pre read absorbance)

2.4. Molecular docking studies
Molecular docking studies of most potent compoundsoth series were carried out against AChE using

MOE [32]. Prior to docking of potent compounds desithe target enzyme, structure were drawn and

protonated in the molecules sketcher tool of MOBe Tequired protonated 3D structures of these
compounds were obtained using the three-dimensiooal of MOE. Subsequently, the energy
minimization of generated molecules was carriedusing the MMFF94x force field with the adjustment
of hydrogen. Finally, the created database was aséoput file for docking studies in MOE. For dik
purpose X-ray structure of AChE (PDB ID 1EVE) wadested as template and downloaded from RSC
Protein Data Bank [33]. Prior to docking processt@mation of target structure was accomplishedgusin

MOE protonate 3D tools which was followed by enemgipimization up to 0.05 Gradient using Amber99
force field. Prior to molecular docking, activeesiof receptor was selected around the co-crystdlliz
ligands. Then the required ligands were docked tiioactive site of protein using Triangular Maighi
docking method and 30 conformations of each Ligpratein complex were generated with docking
score. Each complex was analyzed for interactiom their respective 3D pose was visualized using
discovery studio visualizer v4 [34]. Binding freeeegies were determined and tabulated in tabldn8s&
poses having lowest free binding energy values wersidered as the most stable-one and selected for
visualization of binding interactions with the tat@nzyme.

3. Results and discussions

3.1. Chemistry

4-(Piperidin-l-yl) benzaldehyde was prepared byrieadion of piperidine with 4-flurobenzaldehyde in
the presence of cetyltrimethylammonium bromide (B As catalyst. It was then condensed with wide
range of different substituted acetylthiophenenad acetylfurans for getting respective chalcones,
scheme A [30]. Another Chalcones based quinoloriesseas prepared by reacting it with substituted 2
chloro-3-formylquinolines and was further reactdthwydrazine hydrate to get 2-pyrazoline derivesiv
scheme B [29]. All these newly synthesized compsumere characterized by different analytical
techniques. The relevant spectroscopic data ansiqgdohemical properties of all these compourids (

1j and2a-2ab) have been already reported previously [29,30]
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Scheme A. systematic layout for the synthesis of piperidydicones [29]
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Scheme B. systematic layout for the synthesis of 2-pyrazolilerivatives of chalcones [30]

3.2. In vitro cholinester ases inhibition studies

A series of piperdyl-thienyl and 2-pyrazoline detives of quinolyl-thienyl chalcones were screened
against cholinesterases (AChE and BChE). For batlgrees, all compounds were initially tested at 100
MM concentration and their % inhibition was calteth Compounds having > 50% inhibition were
further diluted and tested at eight different caricaions to create dose response curves from vthih

ICso values were calculated. Neostigmine and donepeegie used as standard inhibitors for both

enzymes (Table 1-2).

3.2.1. Structure- activity relationships (SAR)

Screening of piperidyl-thienyl chalcones derivasi&a-1j) against cholinesterases (AChE & BChE)
revealed that all these compounds exhibited gobibitory potential against acetylcholinesteraselavhi
exhibited relatively less inhibitory potential agsti butyrylcholinesterase enzyme (Table 1). Expemnitzl
results showed that compounds with no halogen éhnyhgroup attached to thiophene-2-yl or thiophene-
3-yl, (1a& 1b) showed relatively low activity against AChE inhibn. While addition of halogen/methyl



group at thiophene ring increased the inhibitiotepoy up to several folds. However, when tested on
AChE, compounds having 3-chlorothiophen-2-Ylle) and 3-bromothiophen-2-y(1h) moiety at
piperidene chalcones, were found to be the mosinpdathibitors having I¢ values 0.16+0.008 uM and
0.19+40.009 pM, respectively. These compounds etddbup to 142 and 120 fold higher inhibitory
potential as compared to the reference inhibitaostigmine (16 + SEM= 22.2+ 3.2uM). Higher

inhibitory potency ofle and1lh might be due to the presence of electron withdrgwgroup, chlorine and
bromine, respectively at 3-position of thiophermagriOn the other side, substituting the same gedlip
position decreased their inhibitory poter(&f & 1i). Di-substitution in thiophine rinflg) with chlorine

at position 3 and 5 exhibited no significant chaimg@hibitory activity due to their cancellatiofffects
while, inhibition potential seemed to be increasdten methyl group was attached at 4-position in
thiophene ring(1c) as compared to the attachment of methyl group-@asiion (1d). Against BChE,
compound having 5-iodiothiophen-2-yl moiety at pigdene chalconeg§lj), was found to be the most

potent inhibitor with 46.9% inhibition. It may beel to the presence of iodo-group.

Similar to piperidyl-thienyl derivatives, screeniing 2-pyrazoline derivatives of chalcone compounds
(2a-2ab) for the inhibition of AChE & BChE revealed, thal these compounds showed promising
inhibitory potential against acetylcholinesteraiige behavior of the 2-pyrazoline derivatives fdfedient
groups attached at thiophene ring almost remainetesas it was seen in piperidyl-thienyl derivatives
Out of all investigated compounds, compowma, 2y and2w exhibited most potent inhibitory potential
against AChE with an I of 0.13+0.006, 0.15+0.008 and 0.20+0.009 uM, rethpely. It has been
noticed that by changing position of different ditbents at quinolone ring also potentially effelce

inhibitory activities. From_comparative analysis iohibitory potential of compoundgh, 2p and 2n,
revealed that compourZb exhibited high inhibitory activity while compourft showed less inhibitory

activities. All of the three compounds have 5aCthiophene ring whiléh contained 6-methyRp had 8-

methyl and2n had 7-methyl, respectively at 2-pyrazoline rindl. the 2-pyrazoline derivatives showed
relatively less (<50%) inhibitory potential agaibsityrylcholinesterase (Table 2).

3.2.2. Kinetic study

Kinetic _studies of potent compounde and 2m were performed to investigate the mechanism of

inhibition. Based on the obtained data, compofiednhibit the enzyme competitively (Fig. 1), while
compound2m showed mix type of inhibition (Fig. 2). Brieflyhé initial velocities of the reactions were
measured at different concentrations of inhibi{@€5-0.2 uM) and substrate acetylthiocholine dtor
concentrations (0.25-1.5 mM). A double reciprodat pf the inhibition kinetics of AChE by inhibitsr
lewas measured by using PRISM 5.0 (Graphpad, SaroD@gjifornia,USA). Results showed that value
of Viax remained almost same in the presence or abseniodibitor, represent a competitive type of

inhibitory mechanism. Similarly, Linweaver-Burk dda reciprocal plot fo2m was also generated (Fig.



2). The interception of the lines in the LineweaBerk plot above the x-axis with both increasecpslo
and intercepts at increasing concentrations ofrthibitor proved a mixed type of inhibition. Compml
2k might be capable to interact with both the catalgtitive site (CAS) and peripheral anionic site $PA
of acetylcholinesterase.

3.3. Molecular docking

Molecular docking studies of all tested compoun@seacarried out to calculate the free binding eyperg
using MOE (Tab. 3). To identify the plausible bimglimodes, detailed molecular docking analysis of

potent compounds in both series against AChE wisie @erformed. The binding orientation of potent

compoundsle, 2m and co-crystal ligand within active site of targgtzyme is shown in (fig.3). The

putative binding mode ofe (most potent inhibitor in piperidyl chalcone sefiesid 2m (most potent

inhibitor in 2-pyrazoline chalcone series) withitige site of AChE (fig.4). Analyzing the key

interactions of bottle and2m in active site of AChE revealed that both ligamesre surrounded by
aromatic ring containing amino acid residue thas Wwar70, Asp72, Trp84, Tyr279, Phe330, Try334 and
His440 (Fig. 4). Further analysis of docking resshowed that both ligands are stacked well irgthge
between Trp279 and Trp84 amino acid residues. Bothnt compounds had orientation along the active-
site gorge just like reference compound donepextending from active site amino acid residue Trp84
to the peripheral site amino acid residue Trp27§.(8). Piperidine ring in compourie formed only one

n—n stacking interaction with the six-membered ringtleg_amino acid residue Phe330, contrary to the

interaction of compoun@m in which 2,3-dihydropyridine moiety formed twe-t stacking interaction
with Trp84 and Phe330. Benzene ring adjacent terfdme ring in_compounde formed twon—r T-

shaped interaction with amino acid residue Tyrli2d Rhe331. Carbonyl group adjacent to pyrazole ring

in compoundle formed two hydrogen bond with Phe288 and Arg288ileMNH group of pyrazole ring
in 2m formed hydrogen bond with Asp72. Thiophene ringbimth potent compounds formed-n
interaction with Trp29.

3.3.1. ADME profile of piperidyl-thienyl and 2-pyrazoline derivatives of chalcones

To evaluate the drug like properties of all invgated molecules, a series of computational filters,
including filters for clogP and predicted solubilityere used to select the right compounds from their
library. In general, compounds adhered to Lipirsskiiles 5 (i.e., molecular mass <500, H-bond donors
<5, H-bond acceptors <10, and logP < 5) were pabdéeetheir catalytic potentialdn-silico evaluation

of ADME profile for all these compounds were doheng with calculation of free binding energies and
other different ADME properties. The targeted pmips, i.e., logP(o/w) (octanol-water partition
coefficient), HBDH (number of hydrogen bond dontora), HBAH, (number of hydrogen bond acceptor
atom and TPSA (topological polar surface area) gerEessfully evaluated (Table 3). Among all these
38 tested compounds only 9 compoudds1b, 1c, 1d, 2a, 2b, 2i, 2l and2u has logP < 5, which is a



measure of lipophilicity, while all the remainin@rapounds have logP > 5. Similarly, other ADME
properties of all tested compounds are rightlyninagreement with the Lipinski’s rules 5. On theeoth
side most important aspect of these compounds B®ATvalues which often used as a model for
assessment of ability of molecules to cross thedstbrain (BBB) was < 40, indicating its potential t
reach brain quickly, bypassing the BBB cut offefillTPSA < 60.
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Figures L egends

Fig.1. Double reciprocal plot of the inhibition kineticf &ChE by compoundle, indication of

competitive inhibition.

Fig.2. Double reciprocal plot of the inhibition kinetic§ AChE by compoun®m, indication of mixed

type inhibition (competitive & noncompetitive).

Fig. 3. Binding orientation of compountle, 2m and co-crystalized ligand within active site of target

enzyme

Fig. 4. Putative binding mode of compourdé (left sided in blue colored) anZim compound (most

potent inhibitor right side, pink colored) in aaigite of AChE (green colored)

Tables L egends

Tablel. Cholinesterases (AChE & BChE) inhibitory activitypiperidyl- thienyl chalcones

Table 2. Cholinesterases (AChE & BChE) inhibitory activiti/2-pyrazoline derivatives of chalcones

Table 3. Free binding energy and ADME profile of all testamnpounds



Table 1.

Thiophene-R

A = Basic Structure
(A>—Thiophene-R  R= Side Chain

Compound A-- Acetylcholinesterase Butyrylcholinesterase
Code Thiophene-R _
ICs50x SEM (UM) % inhibition
la A 2.92 +0.12 25.6
AY
1b S 2.20 +0.10 38.5
.
A
1c S 1.29+0.06 29.4

A
<,

1d A__S<_CHy 1.59+0.07 15.0
~J

le A_S 0.16+0.008 39.4

1f A__S< _Cl 1.7040.07 43.7
aYs
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0.26+0.01

0.19+0.009

0.40+0.02

1.31+0.06

19.0

30.9

19.7

46.9




Table 2.

CE (o= (DR
B, C, D = Basic Structure R= Side Chain
Compound B---R Acetylcholinesterase Butyrylcholinesterase
Code
C---R ICs50+ SEM (UM) % inhibition
D---R
2a O.__CH 2.7940.12 20.3
B 3
U
2b HSC\@/CH3 0.86+0.04 41.1
B
2c O 0.67+0.05 29.4
e
2d B 0.79+0.05 25.0
2e B S\ | 0.95+0.05 39.1
r
2f B S\ _Br 1.20+0.06 26.7
~r
0.48+0.02 29.0

29 S
B\S\J
Br
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2t

2u

2V

2w

2X
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Table 3.

Compound Free binding
Code Energy logP M. wt HBAH HBDH TPSA

la -12.725¢ 4.48¢ 297.42. 1 0 20.31
1b -12.872: 4.48¢ 297.42. 1 0 20.31
1c -12.214¢ 4.81¢ 311.44¢ 1 0 20.31
1d -12.515! 4.661 311.44¢ 1 0 20.31
le -13.267¢ 5.07¢ 331860 1 0 20.31
1f -12.329° 5.28¢ 331860 1 0 20.31
1g -13.067° 6.24¢ 366.31. 1 0 20.31
1h -13.202¢ 5.2€0 376.31¢ 1 0 20.31
1i -12.291( 5.49¢ 376.31¢ 1 0 20.31
1j -11.904- 5.88¢ 423.31¢ 1 0 20.31
2a -12.691¢ 4.18: 325.79¢ 2 1 50.4:
2b -13.693( 4.51¢ 339.82t 2 1 50.4:
2c -14.653: 6.511 371.87: 2 1 37.2¢
2d -12.478. 6.22:% 453.73¢ 2 1 37.2¢
2¢ -13.687. 5.831 406.73¢ 2 1 37.2¢
2f -13.662! 5.61% 406.73¢ 2 1 37.2¢
29 -13.701« 5.62¢ 362.28: 2 1 37.2¢
2h -13.558c¢ 5.411 362.28: 2 1 37.2¢
2i -13.437¢ 4.90z 327.83¢ 2 1 37.2¢
2j -12.685: 5.07¢ 341.86t 2 1 37.2¢
2k -12.490:« 5.11¢ 341.86t 2 1 37.2¢
2l -12.931. 4.95¢ 341.86¢ 2 1 37.2¢
2m -13.751¢ 5.29: 355.89¢ 2 1 37.2¢
2n -13.710: 5.372 362.28: 2 1 37.2¢
20 -12.562: 5.58¢ 362.28: 2 1 37.2¢
2p -13.518 6.54¢ 396.72¢ 2 1 37.2¢
2q -13.425( 5.57¢ 406.73¢ 2 1 37.2¢
2r -13.569¢ 5.792 406.73¢ 2 1 37.2¢
2¢ -13.179: 5.11% 341.86¢ 2 1 37.2¢
2t -13.314¢ 5.15¢ 341.86¢ 2 1 37.2¢
2u -13.757( 4.99¢ 341.86¢ 2 1 37.2¢
2v -13.281« 5.411 362.28: 2 1 37.2¢
2w -14.610¢ 5.62¢ 362.28: 2 1 37.2¢
2X -13.151( 6.58¢ 396.72¢ 2 1 37.2¢
2y -14.633! 5.15¢ 341.86¢ 2 1 37.2¢
2z -13.757( 5.831 406.73¢ 2 1 37.2¢
2ae -13.461. 6.22:% 453.73¢ 2 1 37.2¢
2ab -13.180° 1.311 223.29¢ 1 0 29.5¢
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