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Purpose: This study involved the computational and pharmacological evaluation of (E)-2-
(4-methoxybenzylidene)cyclopentan-1-one (A2K10).

Methods: In silico studies were conducted through virtual screening. Morris water and Y-
maze tests were conducted to evaluate Alzheimer’s disease. Acute epilepsy haloperidol,and
hyperalgesia were used to calculate the epilepsy model, with Parkinson’s disease and
mechanical allodynia at a dose of 1-10 mg/kg in the mouse model.

Results: A2K10 exhibited the highest binding affinity against a; nicotinic acetylcholine
receptors (—256.02 kcal/mol). A2K10 decreased escape latency in the Morris water test
during different trials. In the Y-maze test, A2K10 dose-dependently increased spontaneous
alteration behavior, with maximum effect of 75.5%+0.86%. Furthermore, A2K10 delayed
onset of pentylenetetrazole-induced myoclonic jerks and tonic—clonic seizures and decreased
duration of tonic—clonic convulsions in mice, with maximum effect of 93.8+5.30, 77.8+2.91,
and 12.9+1.99 seconds, respectively. In the haloperidol-induced Parkinson’s disease model,
A2K10 significantly prolonged hanging time and reduced tardive dyskinesia. Moreover,
A2K10 extended latency in hot-plate hyperalgesia and increased the paw-withdrawal thresh-
old in mechanical allodynia. In toxicity studies, no mortality was observed.

Conclusion: Overall, the results indicated that A2K 10 has potential as an anti-Alzheimer’s,
antiepileptic, antiparkinsonian, and analgesic therapeutic compound.

Keywords: computational pharmacology, anti-Alzheimer, antiepileptic, antiparkinsonism ,
analgesic

Introduction
In developing countries, neurological disorders contribute to more than 6% of the
global burden of diseases, a major cause of morbidity and mortality worldwide." The
human body can be protected from the harmful consequences of reactive oxygen
species by natural antioxidants, thus preventing the incidence of many chronic dis-
orders. One of the most common neurodegenerative disorders in elderly people is
Alzheimer’s disease (AD). It primarily involves loss of memory, and in the nucleus
basalis of Meynert, cholinergic neurons are almost completely destroyed.” In the US, it
is considered the sixth-leading cause of death and disability.

Epilepsy is characterized by periodic and involuntary seizures that may or may
not be followed by uncontrolled body movements called convulsions. More than 50
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million people in the world are suffering from epilepsy,
about 80%

countries.” Parkinson’s disease (PD) is a movement dis-

of these from low- and middle-income
order characterized by loss of dopaminergic neurons in the
substantia nigra followed by muscular rigidity, bradycar-
dia, and resting tremors; however its cause still remains
unknown. Recently, PD has become less prevalent in
Eastern countries due to genetic and environmental fac-
tors. Nevertheless, PD incidence is high among Africans,
Americans, and Japanese.*

Neuropathic pain is one of most serious complications
associated with chemotherapy. About 80%-90% patients
receiving chemotherapeutic drugs experience peripheral
neuropathy.’ The (E)-2-(4-methoxybenzylidene)cyclopen-
tan-1-one investigated in present research project is an
analogue of curcumin. The chemical name of curcumin is
1,7-bis(4-hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5-
dione, and it is obtained from the rhizome of Curcuma
longa through different methods. Antitumor, antiviral,
anti-inflammatory, antibacterial, anticoagulant, antifungal,
and antioxidant effects of curcumin have been reported.®
(E)-2-(4-methoxybenzylidene)cyclopentan-1-one (A2K10)
has already been synthesized and chemically characterized.
An ionic liquid dimethylammonium dimethylcarbamate
(DIMCARB)-—catalyzed reaction was developed for the
synthesis of monoarylidene cyclopentanone, which was
used as an intermediate for the synthesis of A2KI10.
Reaction was performed by using a catalytic amount of
DIMCARB in green solvent (H,O + EtOH). DIMCARB
is an adduct of CO, and dimethylamine. The A2K10
obtained by this reaction was approximately 98% pure.” In
this research, we investigated A2K10 for its antioxidant,
anti-AD, antiepileptic, anti-PD, and analgesic activities by
employing in silico, in vitro, and in vivo techniques to
explore its therapeutic potential in various neurological
disorders. The chemical structure of A2K10 is shown in
Figure 1.

Methods

Chemicals

Diazepam (Valium, 10 mg/2 mL injection) was obtained
from Roche Pharmaceuticals. Cisplatin, levodopa, haloper-
idol, scopolamine, ascorbic acid, methanol, normal saline,
ethanol, pentylenetetrazole (Ptz), and dimethyl sulfoxide
(DMSO) were purchased from Sigma-Aldrich. All chemi-
cals used were of analytic grade.

A

H3C
~o

Figure | Chemical structure of (E)-2-(4-methoxybenzylidene)cyclopentan-|-one
(A2K10).

Animals

Adult BALB/c mice of either sex weighing 25-30 g were
housed in a controlled temperature (22°C-25°C). Animals
were kept in clean plastic cages and maintained on a standard
diet with water ad libitum. Animals were divided into various
groups. Experiments were carried out in accordance with the
guidelines of the Institute of Laboratory Animal Resorces,
Commission on Life Sciences University, National Research
Council (1996), and approved by the Ethical Committee of
Riphah Institute of Pharmaceutical Sciences (REC/RIPS/
2017/012).8

Computational Study

Molecular docking of test compounds was carried out to study
therapeutic effects, focusing on good binding affinity at target
sites. The three-dimensional structure of the test compound
(A2K10) was drawn with Discovery Studio Visualizer (DSV).
After selection of possible targets,3-D structures of targets/
receptors/macromolecules were taken from the RCSB Protein
Data Bank (PDB; https://www.rcsb.org/pdb) and modified
with DSV software. The PubChem database was used to
obtain the structures of different standard drugs (https:/pub
chem.ncbi.nlm.nih.gov/search), which were then modified in
DSV to get 3-D structures. PatchDock was used to study the
binding affinity of A2K10 and standard drugs with targets
based on their atomic contact energy (ACE; kcal/mol).

A2K10 were docked against targets involved in AD: acetyl-
cholinesterase (AChE; PDB ID 2WHP), butyrylcholinesterase
(BuChE; PDB ID 1P0Q), N-methyl-D-aspartate (NMDA;
PDB ID 5B3J), catechol-O-methyltransferase (COMT; PDB
ID 5LSA), and B-secretase (BACE; PDB ID 6EJ2).Reference
drugs against these targets were tacrine (PubChem CID 1935),
(PubChem CID 4659569),
(PubChem CID 3152). Targets involved in epilepsy include
dual-specificity protein phosphatase 13 (DUSP13; PDB ID
2PQ5), y-aminobutyric acid type A (GABA,; PDB ID 6A96),

tolcapone and donepezil
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calcium release—activated calcium channel (Orai; PDB ID
4HKS).
were carbamazepine (PubChem CID 2554), diazepam
(PubChem CID 3016), and phenytoin (PubChem CID
1775). A2K10 was also docked against multiple targets

Reference drugs used against these targets

involved in PD, including dopamine receptor D, (PDB ID
6CM4), GABAg, (PDB ID 4MS3), histamine receptor H;
(PDB ID 3RZE) and muscarinic receptor M; (PDB ID
5CXV). Reference drugs used against these targets were
levodopa (PubChem CID 6047), valproic acid (PubChem
CID 4659569), promethazine (PubChem CID 4927), and
orphenadrine (PubChem CID 4601). Targets modulating
pain taken into account during this study included phospholi-
pase A, (PLA,; PDB ID 3U8B), a; nicotinic receptors
(a-nAChRs; PDB, ID 3SQ9),TLR4, PDB ID 3FXI), TNFa
(PDB ID 2TNF), PPARy (PDB ID 6ENQ), cyclooxygenase 2
(COX2, PDB ID 5KIR), and a4f3, receptors (PDB ID 5KXI).
4-Methoxy benzoic acid (PubChem CID 7478), acetylcholine
(PubChem CID 101,536,190), ibudilast (PubChem CID
3671), aspirin (PubChem CID 2244), and pioglitazone
(PubChem CID 4829) were used as reference drugs. XML
files of structures of standard drugs were converted to PDB
format using Open Babel JUI software.

Antioxidant Activity

A test-sample solution was prepared in DMSO using
ascorbic acid as a standard. DPPH solution was prepared
in methanol and added in dilutions to A2K10. Then, the
mixture of DMSO solution and dilutions were placed in
the dark for 30 minutes. Ultraviolet spectrophotometry
was used to measure absorbance at 517 nm.’ Free-radical
scavenging was calculated:

% DPPH radical scavenging = [(A—-B)/A] x 100

where, A is absorbance of control and B absorbance of
test sample.

Anti-Alzheimer’s Models

Morris Water Maze (MWM) Test

Mice were divided into five groups (n=5). Group I was
injected with normal saline (10 mL/kg) intraperitoneally
(IP) and used as negative control. Groups II, III, and IV
were given various doses of test compound (1, 3, and 10 mg/
kg respectively). Group V was given donepezil (3 mg/kg IP)
once/day for 5 days and used as positive control. On the first
day, swimming training was given to all mice for 60 seconds
without a platform. With the platform in place, the mouse
was given trial sessions for 4 days. The mouse was allowed

to remain on the platform for 10 seconds after it had located
it. If the mouse failed to locate the platform within 120
seconds, it was placed on it for 10 seconds and then
removed. On day 5, mice were individually subjected to a
probe-trial session without a platform. Each mouse was
allowed to swim for 120 seconds to search for it, and escape
latencywas determined.'® Anti-AD activity was indicated
when there is a decrease in escape latency.

Y-Maze Test

A Y-maze apparatus with three arms was used. Grouping
of mice was the same as in the MWM. At 30 minutes after
receiving saline, A2K10, or donepezil, each mouse was
placed at the center of the apparatus, then allowed to move
freely for three sessions (8 minutes each). The successive
entry of the mice into three arms in overlapping triplet sets
was termed spontaneous alteration behavior. Scopolamine
(2 mg/kg) was also used in a group to check results in the
diseased group. Alteration behavior percentage was calcu-
lated as: (successive triplet sets [entries into three arms
consecutively]/total number of entries —2] x 100.'" Anti-
AD activity was indicated by an increase in alteration
behavior percentage.

Antiepileptic Assays

Mice were divided into five groups (n=5). Group I was
injected with normal saline (10 mL/kg IP) and used as
negative control. Groups II, III, and IV were given various
doses of A2K10 (1, 3, and 10 mg/kg respectively). Group V
received diazepam (1 mg/kg IP) and was used as positive
control. At 30 minutes after injection of saline, A2K10, or
diazepam, Ptz) was injected IP at a dose of 90 mg/kg and
each mouse observed for 30 minutes for the onset of myo-
clonic and tonic—clonic seizures and time span of tonic—
clonic seizures. Drugs that showed anticonvulsant-effect
delays in the onset of these seizures and reduced the duration
of tonic—clonic convulsions.'? The mortality of mice was
also observed: mortality = number of mice dead after sei-
zures/total number of mice used x 100).

Anti-Parkinsonism Techniques

Hanging Test

Mice were divided into six groups (n=6). Group I was
injected with normal saline (10 mL/kg IP) and was used as
negative control. Group II was given haloperidol (1 mg/kg
IP). Groups III, IV, and V were administered (1, 3 and 10
mg/kg IP, respectively) for 1 week. Group VI was given
IPthe positive control — levodopa (30 mg/kg IP). Saline,
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test compound, and levodopa were given 30 minutes
before the administration of haloperidol. Tests were per-
formed on day 8. To check neuromuscular strength, mice
were lifted by their tails, placed on a horizontal grid, and
supported until they grabbed the grid with both their fore-
and hind-paws. The grid was inverted to allow mice to
hang upside down for 30 seconds, Five chances were
given to animals with 1-minute intervals, and maximum
hanging time was recorded.?

Tardive Dyskinesia

Tardive dyskinesia means rapid vacuous chewing move-
ments (VCMs). Grouping of mice was the same as in the
hanging test.Mice were placed individually in small cages
for observation of oral dyskinesia. Ten minutes was given
to animals to get used to the experimental cage. VCMs
were measured by the number of mouth openings in the
vertical plane. Under the floor and behind the back wall,
mirrors were positioned and the animal faced away from
observer for measurement of oral dyskinesia for 5
minutes.

Cisplatin-Induced Neuropathic Pain
Thermal Hyperalgesia

Animals were divided into six groups (n=6). Group I was
administered normal saline (10 mL/kg IP) as negative
control. Group II was injected with cisplatin (5 mg/kg
IP) once a week for 25 days (days O, 8, 15, and 22).
Groups III, 1V, and V were given A2K10 (1, 3, and 10
mg/kg 1P, respectively). Group VI received tramadol
hydrochloride (30 mg/kg IP) as positive control. A2K10
was injected from day 8 to day 25. Cisplatin was injected
30 minutes before A2K10. Tests were performed on day 0
and from day 8 to day 25, with intervals of 4 days. A hot
plate maintained at 54°C+0.5°C was used to measure
latency A 30-seconds cutoff was used to avoid paw-tissue
damage.

Mechanical Allodynia

In response to mechanical stimulation, paw-withdrawal
threshold (PWTs) were measured using the up-and-down
method. Grouping of mice was the same as in thermal
hyperalgesia. Mice were placed in individual cages on an
elevated wire-mesh platform and allowed to get used to
the apparatus for at least 30 minutes. Force was be applied
using a von Frey hair kit to the mid-plantar region of each
hindpaw. Baseline readings were obtained before experi-
mental testing.14

Acute Toxicity
A group of five mice was administered 500 mg/kg A2K10
IP. Mice were observed for 24 hours for any mortality.'>

Statistical Analysis

Data were analyzed and are expressed as mean = SEM.
One-way ANOVAs were utilized to analyze results, fol-
lowed by Tukey’s post hoctest. p<0.05 was taken as sig-
nificantly significant. Bar charts were assessed using
GraphPad Prism 6.

Results

Docking Evaluation

Computational analysis of A2K10 was carried out against
various targets involved in different neurological diseases,
including AD, epilepsy, PD, and neuropathic pain. It
showed different values of ACE with these targets,
which showed its binding affinity. The best interaction
was against asnAChR, with good interactions against
PPARy, TNFo, and COX2. The ACE value against
a7nAChR was —256.02 kcal/mol. Interactions of A2K10
and acetylcholine against o;nAChRis are presented in
Figure 2. ACE values, H-bonds, and residues forming H-
bonds are also presented in Tables 1-3. Targets, reference
drugs, and interactions are presented in Figures S1-S21.

DPPH Free Radical-Scavenging Effect

At concentrations of 1, 3, 10, 100, 300, 700, and 1,000,ug/
mL, A2K10 exhibited free radical-scavenging effects of
0.82%+0.14%, 1.96%+0.44%, 4.05%+0.01%, 7.20%
+0.44%, 8.68%=+2.33%, 10.95%+2.56%, and 18.48%
+0.006%, respectively. Ascorbic acid at concentrations of
1, 3, 10, 100, 300, 700, and 1,000 pg/mL caused 2.16%
+0.18%, 4.24%+0.33%, 4.31%+0.45%, 15.95%+0.72%,
64.18%+0.14%, 92.22%+0.02%, and 93.29%+0.09% free
radical-scavenging effects, respectively (Figure 3).

Effect on Escape Latency

A2K10 dose-dependently (1-10 mg/kg) decreased escape
latency in the MWM. In the saline (10 mL/kg)-treatment
group, escape latency in trials 1-3 was 28.4+0.74, 23.6
+0.60, and 19.9+0.72 seconds, respectively. Treatment
with A2K10 (1 mg/kg) reduced escape latency in trials
1-3 to 18.6+0.61 (p<0.001 vs saline group), 16.4+0.88
(»<0.001 vs saline group) and 13.7+£0.41 (p<0.001 vs
saline group) seconds, respectively. Treatment with

A2K10 (3 mg/kg) decreased escape latency in trials 1-3
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[[] Pi-Sulphur

[] Pi-Donor Hydrogen Bond

[ Pi-Anion

1 Pi-Pi T-shaped

B Unfavorable Negative-Negative

Figure 2 (A, B) Interactions of (E)-2-(4-methoxybenzylidene)cyclopentan-1-one (A2K10) and acetylcholine with o nicotinic acetylcholine receptors (07nAChRs),

respectively, drawn with Discovery Studio Visualizer 2016.

to 15.9+0.46 (p<0.001 vs saline group), 13.5+0.48
(»<0.001 vs saline group) and 11.4+0.66 (p<0.001 vs
saline group) seconds, respectively. Treatment with

A2K10 (10 mg/kg) decreased escape latency in trials 1-3

to 11.2+0.78 (p<0.001 vs saline group), 8.4+0.51 (»<0.001
vs saline group), and 7.6+0.42 (p<0.001 vs saline group)
seconds, respectively. For donepezil (3 mg/kg), escape
latency in trials 1-3 was recorded as 22.0+0.95 (p<0.001

Table I ACE Values (kcal/mol), H-bonds, and Residues Forming H-bonds of Best-Docked Poses of (E)-2-(4-methoxybenzylidene)
cyclopentan-l-one (A2K10) and Standard Drugs with AcetylcholinestErase (AChE), Butyrylcholinesterase (BuChE), N-methyl-D-
aspartate (NMDA), catechol-O-methyltransferase (COMT), and -secretase (BACE)

Target A2KI0 Standard Drugs
PDB ID E-value H-bonds Binding Residue Standard E-value H-bonds Binding Residue
(kcal/mol) (kcal/mol)

AChE 2WHP —140.26 [ Ser203 Tacrine —279.17 2 Ser203
Tyr337

BuChE 1POQ -101.13 0 Nil Tacrine —139.31 0 Nil

NMDA 5B3J —209.07 | Serl70 Tacrine —165.25 | Thr324

COMT 5LSA —188.47 0 Nil Tolacapone —-175.78 | Serl69

BACE 6E)2 —125.76 0 Nil Donepezil —263.79 4 Gly639, Tyr480, Trp485, Asp637

Abbreviations: Ser, serine; Tyr, tyrosine; Thr, threonine; Asp, aspartic acid; Gly, glycine; Trp, tryptophan.
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Table 2 ACE Values (kcal/mol), H-bonds, and Residues Forming H-bonds of Best-Docked Poses of (E)-2-(4-methoxybenzylidene)
cyclopentan-1-one (A2K10) and standard drugs with dual-specificity protein phosphatase 13 (DUSPI3), y-aminobutyric acid A

(GABA,), and Calcium Release—Activated Calcium Channel (Orai)

Target A2KI0 Standard Drugs
PDB ID E-value H-bonds Binding Residue Standard E-value H-bonds Binding Residue
(kcal/mol) (kcal/mol)
DUSPI3 2PQ5 —-114.94 0 Nil Carbamazepine -232.24 2 Ala80
GIng84
GABAA 6A96 -181.40 0 Nil Diazepam —231.26 0 Nil
Orai 4HKS —155.88 | Tyr243 Phenytoin —251.67 | Thr252
D, 6CM4 —17451 0 Nil Levodopa —208.09 | Thr205
GABAg 4MS3 —142.94 3 Thr199 Valproic acid —138.68 2 Asp214, Asp229
GInl197
H, 3RZE —180.28 0 Nil Promethazine —325.18 0 Nil
M, 5CXV —-181.26 | Thr366 Orphenadrine —235.21 0 Nil

Abbreviations: Tyr, tyrosine; Asn, aspartic acid; Ser, serine; Thr, threonine; Arg, arginine; Leu, leucine; Val, valine.

Table 3 ACE Values (kcal/mol), H-bonds, and Residues Forming H-bonds of Best-Docked Poses of (E)-2-(4-methoxybenzylidene)
cyclopentan-I-one (A2K10) and standard drugs with Phospholipase A, (PLA;), a7 Nicotinic Acetylcholine Receptor (a;nAChR), TLR4,

TNFa, PPARy, Cyclooxygenase 2 (COX2), and a4f3;

Target A2KI0 Standard Drugs
PDB ID E-value H-bonds Binding Residue Standard E-value H-bonds Binding Residue
(kcal/mol) (kcal/mol)

PLA, 3usB —34.97 0 Nil 4-methoxybenzoic acid —155.06 | Tyr51

o7znAChR 35Q9 —256.02 0 Nil Acetylcholine —157.04 | Asnl5

TLR4 3FXI —175.55 2 Vall 13 Ibudilast -210.32 2 Ser386

TNFa 2TNF -196.18 0 Nil Aspirin -130.75 | Thrl19

PPARY 6ENQ -170.17 0 Nil Pioglitazone -312.26 2 Argd43

Leu442

cox2 5KIR -163.42 0 Nil Aspirin -180.37 3 Asn537

as B2 5KXI -103.31 I Val45 Acetylcholine —173.14 | Val45
Abbreviations: Ala, alanine; Gln, glutamine; Tyr, tyrosine; Thr;, threonine; Gln, glutamine; Asp, aspartic acid.
vs saline group), 18.4+0.95 (p<0.001 vs saline group), and  group showed alteration behavior of 64.5%+0.81%

14.940.95 (p<0.001 vs saline group) seconds, respectively
(Figure 4).

Effect on Alteration Behavior

A2K10 dose-dependently (1-10 mg/kg) increased sponta-
neous alteration behavior of mice in the Y-maze. The saline
(10 mL/kg)-treatment group showed alteration behavior of
49%+1.26%. Treatment with A2K10 (1 mg/kg) showed
increased alteration behavior of 56.1%+0.93% (p<0.001 vs
saline group). Treatment with A2K10 (3 mg/kg) showed
increased alteration behavior of 63.2%+1.26% (p<0.001 vs
saline group), while treatment with A2K10 (10 mg/kg)
showed maximum alteration behavior of 75.5%+0.86%
(p<0.001 vs saline group). The donepezil (3 mg/kg)-injected

(»<0.001 vs saline group), as presented in Figure 5.
A2K10 (10 mg/kg) increased spontaneous alteration beha-
vior of mice in the Y-maze. The saline treatment group
showed alteration behavior of 48.8%+2.62%, scopolamine
(2 mg/kg) showed 25.9%+0.96%, A2K10 (10 mg/kg)
showed 65.9%+2.32%, and donepezil showed alteration
behavior of 74.02%+1.80%, as presented in Figure 6.

Effect on Number of Entries

A2K10 dose-dependently (1-10 mg/kg) increased the
number of entries in the Y-maze test. In group receiving
saline (10 mL/kg), the number of entries on days 1— 3 was
22.0+0.41, 18.3+0.58 and 16.8+0.40, respectively. In the
A2K10 (1 mg/kg) group, the number of entries on days 1—-

submit your manuscript

3606

Dove

Drug Design, Development and Therapy 2020:14


http://www.dovepress.com
http://www.dovepress.com

v
S
2
o

Farooq et al

21001 F A2K10

& B Ascorbic acid

5 80

<

(]

60

<

L

R 401

(a4

(]

L 201

e ;
B 0od == =B Dof

1 3 10 100 300 700 1000
[Concentration] ug/mL

Figure 3 Bar chart showing inhibitory effect of (E)-2-(4-methoxybenzylidene)
cyclopentan-1-one (A2K10) and ascorbic acid against DPPH free radical-scavenging
activity. Values shown as means + SEM, n=3—4.

3 increased to 33.5+1.05 (»p<0.001 vs saline group), 21.1
+0.74 (p<0.001 vs saline group), and 19.2+0.38 (»p<0.001
vs saline group), respectively. In the A2K10 (3 mg/kg)-
injected group, the number of entries on days 1-3
increased to 34.3+0.51 (p<0.001 vs saline group), 26.5
+0.55 (p<0.001 vs saline group), and 23.24+0.58 (p<0.001
vs saline group), respectively. In the A2K10 (10 mg/kg)-
injected group, the number of entries on days 1-3
increased to 45.8+0.68 (p<0.001 vs saline group), 37.9
+0.77 (p<0.001 vs saline group), and 26.5+0.67 (»p<0.001
vs saline group), respectively. In the donepezil (3 mg/kg)-
treated group, the number of entries on days 1-3 recorded
was 26.1£0.49 (p<0.001 vs saline group), 24.4+0.99
(p<0.001 vs saline group), and 21.6+0.52 (p<0.001 vs

saline group), respectively (Figure 7).

O Saline (10 mL/Kg)
B A2K10 (1 mg/Kg)
M A2K10 (3 mg/Ke)
A2K10 (10 mg/Kg)
El Donepezil (3 mg/Kg)

D
§ 301 1
> 257 I )
2 i : 1
1) 20- 1 & o : ;
= H 1, B I : B e
— 151 [ 1TEH & B3 H 1 B I &
O | 2 = 1 = B = [
5101 | |H = || £ B = [ & E
- o H I N E H o
D 51| E 2 = § 2 s %
— o H | N E = o
O. L L = L] = L k L |1 | s
| | |1 |

Trial 1

Trial 2 Trial 3

Figure 4 Bar chart showing effect of (E)-2-(4-methoxybenzylidene)cyclopentan-|-one (A2K10) and donepezil on escape latency of mice in trials |, 2, and 3 in the Morris
water maze (MWM) test. Data presented as meanst SEM, n=5. **p<0.00| vs saline group on one-way ANOVA with Tukey's post hoc test

Drug Design, Development and Therapy 2020:14

submit your manuscript

3607

Dove


http://www.dovepress.com
http://www.dovepress.com

Farooq et al

Dove

[ Saline (10 mL/Kg)
B A2KI0 (1 mg/Kg)
M A2K10 (3 mg/Kg)
A2K10 (10 mg/Kg)
El Donepezil (3 mg/Kg)

—_ 80' seokok
X
T e
g 60 -
2 T
S
m 40-
g S
2
S 20+
ot
<

0.

[ Treatment]

Figure 5 Bar chart showing effect of (E)-2-(4-methoxybenzylidene)cyclopentan-1-
one (A2K10) and donepezil on alterations in behavior of mice in the Y-maze test.
Data presented as means * SEM, n=5.%%p<0.001 vs saline group on one-way
ANOVA with Tukey’s post hoc test.

Effect on Ptz-Induced Seizures

A2K10 dose-dependently (1-10 mg/kg) delayed onset of
Ptz-induced myoclonic and tonic—clonic convulsions,
decreased duration of tonic—clonic convulsions, and
improved mortality. In the saline (10 mL/kg)-treatment
group, onset of myoclonic, tonic—clonic convulsions, and
duration of tonic—clonic convulsions were 16.8+5.28, 19.8
+6.07, and 43.5+5.21 seconds, respectively. In the A2K10 (1
mg/kg) group, onset of myoclonic and tonic—clonic convul-
sions increased to 55.1#5.06 and 64.4+1.76 seconds
(»<0.001 vs saline group), respectively, while duration of
tonic—clonic convulsions decreased to 25.4+1.43 seconds.
In the A2K10 (3 mg/kg) group, onset of myoclonic and
tonic—clonic convulsions extended to 75.0+£3.07 and 77.8
+2.91 seconds (p<0.001 vs saline group), respectively,
while duration of tonic—clonic convulsions decreased to
20.9£1.94 seconds (p<0.05 vs saline group). In the A2K10
(10 mg/kg)-treated group, onset of myoclonic and tonic—
clonic convulsions extended to 93.8+£5.29 and 77.8+2.91
seconds (p<0.001 vs saline group), respectively, while dura-
tion of tonic—clonic convulsions decreased to 12.9+£1.99 sec-
onds (»p<0.001 vs saline group). In the group treated with

[ Saline (10 mL/Kg)
B Scopolamine (2 mg/Kg)
M Scopolamine (2 mg/Kg) + A2K10 (10 mg/Kg)

E&l Scopolamine (2 mg/Kg) + Donepezil (3 mg/Kg)
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Figure 6 Bar chart showing effect of (E)-2-(4-methoxybenzylidene)cyclopentan-1-
one (A2K10) and donepezil on alterations in behavior of mice with scopolamine-
induced amnesiain the Y-maze test. Data presented as means + SEM. #p<0.01 vs
saline group and **¥p<0.001 vs scopolamine group on one-way ANOVA with
Tukey’s post hoc test.

diazepam (1 mg/kg), onset of myoclonic and tonic—clonic
convulsions extended to 90.9+£6.59 and 117.4+5.45 seconds
(»<0.001 vs saline group) respectively, while duration of
tonic—clonic convulsions decreased to 12.5+2.28 seconds
(»<0.001 vs saline group), as shown in Figure 8. A2K10 at
1, 3, and 10 mg/kg decreased mortality rates to 80% (p<0.01
vs saline group), 60% (p<0.001 vs saline group), and 20%
(»<0.001 vs saline group), respectively. In the group treated
with diazepam (1 mg/kg), no mortality (p<0.001 vs saline
group) was observed, as presented in Table 4.

Effect on Hanging Time

On the first day, there was no significant change seen in
hanging time of mice, but A2K10 had caused a dose-
dependent (1-10 mg/kg) increase in hanging time by the
eighth day. In the saline (10 mL/kg)-treatment group,
hanging duration on the first and eighth days was 16.3
+0.24 and 17.3+1.02 seconds, respectively. In the group
treated with haloperidol (1 mg/kg), hanging time on the
first and eighth days had decreased to 8.8+0.34 and 3.5
+0.30 seconds (p<0.001 vs saline group), respectively. In
the A2K10 (1 mg/kg)-injected group, hanging time on the
first and eighth days had increased to 7.5+0.47 and 14.3
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Figure 7 Bar chart showing effect of (E)-2-(4-methoxybenzylidene)cyclopentan-|-one (A2K10) and donepezil on number of mouse entries in the Y-maze test on days |, 2,
and 3. Data presented as means + SEM, n=5. **p<0.001 vs saline group on one-way ANOVA with Tukey’s post hoc test.

+0.81 seconds (p<0.001 vs haloperidol group), respec-
tively. In the A2K10 (3 mg/kg)-injected group, hanging
time on the first and eighth days had increased to 9.4+0.45
and 17.3+0.70 seconds (p<0.001 vs haloperidol group),
respectively. In the A2K10 (10 mg/kg)-injected group,
hanging time on the first and eighth days had increased
to 11.1£0.93 and 20.7+0.66 seconds (p<0.001 vs haloper-
idol group), respectively. In the group treated with levo-
dopa (30 mg/kg), hanging time on the first and eighth day
18.8£1.69 and 21.0+£0.55 seconds
(»<0.001 vs haloperidol group), respectively (Figure 9).

had increased to

Effect on VCMs

A2K10 had dose-dependently (1-10 mg/kg) decreased VCMs
in mice by the eighth day of experiment. The group treated
with saline (10 mL/kg) showed7.2+0.37 and 6.4+0.51 VCMs
on the first and eighth days, respectively. The group treated

with haloperidol (1 mg/kg) showed 46.2+1.20 and 70.6+0.93
(p<0.001 vs saline group) VCMs on the first and eighth days,
respectively. In the A2K10 (1 mg/kg) group, VCMs on the
first and eighth days had reduced to 45.6+1.21 and 36.6+0.93
(p<0.001 vs haloperidol group), respectively. In the A2K10 (3
mg/kg) group, VCMs on the first and eighth days had reduced
to 44.2+1.28 and 22.4+0.93 (p<0.001 vs haloperidol group),
respectively. In the A2K10 (10 mg/kg)-injected group, VCMs
on the first and eighth days had reduced to 43.8+1.16 and 13.4
+0.93 (p<0.001 vs haloperidol group), respectively. In the
levodopa (30 mg/kg)-injected group, VCMs on the first and
eighth days had reduced to 14.8+0.97 and 11.2+0.66 (p<0.001
vs haloperidol group), respectively (Figure 10).

Effect on Hot-Plate Nociception
A2K10 dose-dependently (1-10 mg/kg) increased the
escape latency of mice on hot-plate assays. The group
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Figure 8 Bar chart showing effects of (E)-2-(4-methoxybenzylidene)cyclopentan- | -
one (A2K10) and diazepam on onset of pentylenetetrazole (Ptz)-induced myoclonic
jerks, tonic—clonic seizures, and duration of tonic—clonic seizures in mice. Data
presented as means + SEM (n=5).%p<0.05, **p<0.001 vs saline group on one-way
ANOVA with Tukey's post hoc test.

treated with saline (10 mL/kg) showed latency to thermal
sensitivity at days 0, 8, 12, 16, 20, and 24 of 17.5+1.07,
21.240.32, 16.4+0.60, 18.4+0.53, 20.6+0.45, and 19.4
+0.51 seconds, respectively. In the cisplatin (5 mg/kg)-
injected group, latency had reduced to 16.7+1.16
(»<0.001 vs saline group), 6.2+0.76 (p<0.001 vs saline
group), 5.4+0.58 (p<0.001 vs saline group), 4+0.34
(»<0.001 vs saline group), 3.3+0.34 (p<0.001 vs saline
group), and 2.84+0.25 seconds (»p<0.001 vs saline group),
respectively. In the group treated with A2K10 (1 mg/kg),
latency had increased to 17.0+1.18, 6.7£0.75 (p<0.001 vs

Table 4 Effect of (E)-2-(4-methoxybenzylidene)cyclopentan-I-
one (A2KI10) and Diazepam on Pentylenetetrazole (Ptz)-
Induced Seizure Mortality in Mice

Group % Mortality
Saline (10 mL/kg) + Ptz (90 mg/kg) 100

A2K10 (I mg/kg) + Ptz (90 mg/kg) 80**

A2K10 (3 mglkg) + Ptz (90 mglkg) 60k
A2K10 (10 mg/kg) + Ptz (90 mglkg) 205k
Diazepam (| mg/kg) + Ptz (90 mg/kg) (Vi

Notes: % Mortality = (number of mice dead after convulsions/total number of mice
used) x 100, n=5. **p<0.01, **p<0.001 vs saline group on one-way ANOVA
followed by Tukey’s post hoc test.
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Haloperidol (1 mg/Kg)

B Haloperidol (1 mg/Kg) + A2K10 (1 mg/Kg)

[ Haloperidol (1 mg/Kg) + A2K10 (3 mg/Kg)
Haloperidol (1 mg/Kg) + A2K10 (10 mg/Kg)
E&l Haloperidol (1 mg/Kg) + Levodopa (30 mg/Kg)
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Figure 9 Bar chart showing effects of (E)-2-(4-methoxybenzylidene)cyclopentan- |-
one (A2KI10) and levodopa on hanging time of mice in haloperidol-induced
Parkinson’s disease (PD). Data presented as means + SEM (n=5).%p<0.001 vs saline
group and **¥p<0.001 vs haloperidol group on one-way ANOVA with Tukey’s post
hoc test.

cisplatin group), 5.9+0.78, 6.1+0.56, 5.7+0.27, and 5.4
+0.24 seconds, respectively. In the A2K10 (3 mg/kg)
group, latency had increased to 16.8+0.72, 7.0+0.73, 8.7
+0.72, 11.0+£0.58 (p<0.001 vs cisplatin group), 11.8+0.61
(»<0.001 vs cisplatin group), and 12.4+0.64 seconds
(»<0.001 vs cisplatin group), respectively. In tthe A2K10
(10 mg/kg) group, latency had increased to 18.0+0.72, 8.3
+0.26, 9.3+£0.64 (p<0.001 vs cisplatin group), 11.7+0.65
(»<0.001 vs cisplatin group), 12.9+0.57 (p<0.001 vs cis-
platin group), and 15.3+0.68 seconds (p<0.001 vs cisplatin
group), respectively. In the tramadol (30 mg/kg)-injected
group, latency had increased to 18.1+£0.47, 10.6+0.70
(»<0.001 vs cisplatin group), 11.1+0.74 (p<0.001 vs cis-
platin group), 12.1+0.65 (p<0.001 vs cisplatin group), 14.3
+0.70 (p<0.001 vs cisplatin group), and 17.1+0.45 seconds
(»<0.001 vs cisplatin group), respectively (Figure 11).

Effect on Paw-Withdrawal Threshold

A2K10 dose-dependently (1-10 mg/kg) suppressed cispla-
tin-induced mechanical allodynia. The group treated with
saline (10 mL/kg) showed PWT at days 0, 8, 12, 16, 20,
and 24 of 240, 2+0, 2+0, 2+0, 240, and 2+0 g,
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Figure 10 Bar chart showing effects of (E)-2-(4-methoxybenzylidene)cyclopentan-
I-one (A2K10) and levodopa on number of mouth openings in haloperidol-induced
Parkinson’s disease (PD) model in mice. Data presented as means + SEM (n=5).
#5<0.001 vs saline group and **p<0.001 vs haloperidol group on one-way ANOVA
with Tukey’s post hoc test.

respectively. In the cisplatin (5 mg/kg)-injected group,
mechanical PWT had reduced to 2+0 (p<0.001 vs saline
group), 1.4+0.15 (p<0.001 vs saline group), 0.9+0.08
(»<0.001 vs saline group), 0.6+0.06 (p<0.001 vs saline
group), 0.6+0.06 (p<0.001 vs saline group), and 0.3+0.05
g (p<0.001 vs saline group) g, respectively. In the A2K10
(1 mg/kg) group, mechanical PWT had increased to 2+0,
1.2+0.08, 0.9+0.11, 0.9+0.11, 0.9+0.08, and 0.6+0.08 g,
respectively. In the A2K10 (3 mg/kg) group, mechanical
PWT had increased to 2+0, 1.1+0.1, 0.9+0.14, 1+0.1
(p<0.01 vs cisplatin group), 1.1£0.1, and 0.7+0.08 g,
respectively. In the A2K10 (10 mg/kg) group, mechanical
PWT had further increased to 2+0, 1.2+0.08, 1.2+0, 1.2
+0.11, 1.320.13 (p<0.001 vs cisplatin group), and 1.5+0.06
g (p<0.001 vs cisplatin group), respectively. In the trama-
dol (30 mg/kg)-injected group, mechanical PWT was 240,
1.34£0.1 (»p<0.001 vs cisplatin group), 1.9+0.06 (p<0.001
vs cisplatin group), 1.9+£0.06 (p<0.001 vs cisplatin group),
1.9£0.06 (p<0.001 vs cisplatin group), and 1.9+0.05
(»<0.001 vs cisplatin group) g, respectively (Figure 12).

Acute Toxicity
A2K10 caused no mortality at a dose of 500 mg/kg.

Discussion

This study was performed to investigate docking, anti-AD,
antiepileptic, anti-PD, and analgesic effects of A2K10 in
mice. An important component of drug-discovery pro-
grams is computational analysis. The n silico analytical
tool PatchDock was used to assess the binding affinity of
A2K10, taking into consideration ACE values, number of
hydrogen bonds, and amino-acid residues forming hydro-
gen bonds against protein targets. Depending upon the
ACE values and number of hydrogen bonds, postdocking
analysis revealed a binding-affinity order of A2KI10
against target proteins involved in AD of NMDA >
COMT > AChE > BACE > BuChE. Among target pro-
teins interceding epilepsy, the ligand receptor—affinity
order was GABA, > Orai > DUSP13. GABA, has good
binding affinity. The ligand’s order of binding affinity
against PD-associated receptors was M; > H; > D, >
GABAg. Computational analysis of A2K10 was also car-
ried out against receptors involved in pain. The order of
binding affinity was a;nAChR > TNFa > TLR4 > PPARy
> COX2 > a4, > PLA2. a,nAChR had the maximum
ACE value with no hydrogen bond.

DPPH assays were used to check antioxidant potential.
Discoloration of the solution indicated the DPPH free
radical-scavenging effect. Studies have shown that the
free radical-scavenging mechanism depends upon the
hydroxyl groups present on the antioxidant molecule.
Increased DPPH free radical-scavenging activity showed
antioxidant properties.'® A2K10 showed a slight increase
in DPPH free radical-scavenging effect.

In order to study anti-AD activity, MWM and Y-maze
tests were used.'®'" Memory impairment can be due to
neurodegeneration in hippocampus and presence of amy-
loid plaques in the hippocampus of the brain. Spontaneous
alteration behavior was studied to check memory.
Enhanced cognitive performance is associated with
increased of spontaneous alteration behavior.!'! A2K10
dose-dependently increased the number of entries and
spontaneous alteration behavior of mice in the Y-maze
test. Anti-AD activity of A2K10 was revealed by its
dose-dependent increase in escape latency in the MWM.
Mostly neurofibrillary lesions, f-amyloid plaques, inflam-
matory processes, acetylcholine deficiency, and damaged
cholinergic neurons are involved in AD.'” A2K10 pos-
sesses good binding affinity against NMDA receptors,
and studies have shown that memory and learning can be
enhanced by blockade of NMDA receptors.'®
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Figure || Bar chart showing effects of (E)-2-(4-methoxybenzylidene)cyclopentan-|-one (A2K10) and tramadol on mouse escape latency in cisplatin-induced neuropathic
pain. Data presented as means + SEM (n=5). #p<0.001 vs saline group and *p<0.01 and ***p<0.001 vs cisplatin group on one-way ANOVA with Tukey's post hoc test.

In accordance with the in silico studies, the antiepileptic
action of A2K10 can be due to the mechanism of GABA,
activation. Valproic acid is the main antiepileptic drug that
mainly inhibits sodium channels and increases brain levels of
GABA. GABAergic neurons in the thalamus are mainly
involved in the control of seizures. Ptz is a GABA 4 (inhibitory
neurotransmitter) antagonist that induces seizures by reducing
GABAergic neurotransmission.'” A2K 10 caused dose-depen-
dent delays in the onset of myoclonic and tonic—clonic con-
vulsions, along with a reduction in the duration of tonic—clonic
convulsions and decreased mortality of mice. A2K10 showed
lower antiepileptic activity compared to diazepam, suggesting
that antiepileptic action of the test compound was possibly due
to the activation of GABA, receptors.

In silico studies showed that M1 and H; were binding
sites that might be involved in the anti-PD effect of A2K10.
PD is characterized mainly by the degeneration of neurons in
the substantia nigra of brain accompanied by reduced dopa-
mine release and movement disorders, including tremors and
slow movement. Haloperidol is an antipsychotic drug that
induces PD by blocking dopamine receptors, resulting in

dopamine turnover followed by oxidative stress.”” The hang-
ing test was used to check neuromuscular strength, and
A2K10 dose-dependently increased the hanging timeand
reduced VCMs in mice. Studies have shown that the choli-
nergic system is involved in maintaining functioning of basal
ganglia, and muscarinic antagonists were used in PD
treatment.”’ A2K10 showed more effect compared to levo-
dopa which may be due to binding affinity with NMDA and
M; receptors. 0,nAChR, PPARY, TNFa, and COX2 were the
main sites with good binding affinity, so they might be
involved in the analgesic effect of A2K10. Cisplatin is
involved in most types of tumors. Among common che-
motherapeutic drugs used in cancer chemotherapy, it has
good therapeutic efficacy against many agents. Platinum-
based drugs in particular have a dose-limiting side effect
known as chemotherapy-induced neuropathic pain. Painful
sensory neuropathy produced in the distal extremities are
mainly produced by platinum-based drugs, ie cisplatin and
oxaliplatin.”? Production of proinflammatory cytokines is
modulated by the activation ofa;nAChR,? and antinocicep-

tion to acute mechanical and thermal stimuli can be produced
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Figure 12 Bar chart showing effects of (E)-2-(4-methoxybenzylidene)cyclopentan-|-one (A2K10) and tramadol on mouse paw—withdrawal threshold in cisplatin-induced
neuropathic pain. Data presented as means + SEM (n=5). #p<0.001 vs saline group and **p<0.001 vs cisplatin group on one-way ANOVA with Tukey's post hoc test.

by these receptors.”* PPARy agonists are involved in the
reduction of neuropathic pain by inhibiting expression of
chemokines  that are inflammatory  mediators.*’
Prostaglandins produced by COX2 play an important role
in enhancing pain and inflammation. Therefore, pain and

inflammation can be reduced by blocking COX2 receptors.*®

Conclusion

The present study reveals that A2K10 possesses high
affinity against a;nAChR, NMDA, M;, and GABA, tar-
gets. In vitro and in vivo investigation revealed its anti-
oxidant, antiepileptic, and analgesic effects, with positive
responses against memory and cognitive deficits as well.
As such, the therapeutic potential of A2K10 in various
neurological disorders should be explored.
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