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ABSTRACT

Objective: In the current study, we have examined biological evaluation of N-type voltage-dependent
Ca2+ channel blockers with substituted Imidazoles novel derivatives
Method: A series of substituted imidazoles were synthesized and screened for the N-type calcium
channel activity, as well as the pharmacokinetic behaviour. IMR-32 cells were used to test cell
viability and activity using AlamarBlue Reagent and Calcium 3 assay kits, respectively.
Results: Overall, finding suggest that NCE-2 and NCE-3 revealed a potent suppression of N-type
calcium channel activity in a high throughput manner employing a nonadherent cell line, IMR-32 with
an IC50 of 17.1 and 14.7 nM compared with channel-specific blocker ®-conotoxin MVIIA
(ziconotide) having IC50 3.24 nM and cell viability was not reduced more than 50% at tested
concentration. Post oral administration NCE-2 and NCE-3 exhibited Tmax (0.25-1.00 h) indicating
absorption was rapid. The intravenous and oral half-lives t;, of NCE-2 and NCE-3 ranged from 0.34 -
8.46 hours. Clearance and volume of distribution by intravenous route for NCE-2 and NCE-3 have
been found 25.0 mL/min/kg and 3.47 L/kg; 27.7 mL/min/kg and 0.82 L/kg.

Keywords: NCE-1, NCE-2, NCE-3, Voltage gated N-type calcium channel inhibitor
INTRODUCTION

In the physiology and biochemistry of critical function [1]. Calcium entrance into
animals and cells, calcium ions play a cells via ion channels regulates gene
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translation  [2], signal transmission,

neurotransmitter release [3] muscular
contraction [4], and hormone production
[S], among other cellular and physiological
reactions. Gating, or what opens and closes
the channel to ion flux, is used to classify
ion channels.In reaction to the gradient
voltage of the plasma membrane, the
voltage-gated ion channels open or closed,
while the ligand channel binding to the
channel opens or closes [6]. In general, the
classification of voltage-dependent Ca2+
channels (VDCCs) are divided according to
their electrophysiological and

pharmacologic multiple

property  into
subtypes (L-, N-, P-, Q-, R- and T-types)
and is critical for many cell activities in
excitable cells [7]. The N-type calcium
channel is found mostly in central and
peripheral neurons, with presynaptic nerve
terminalsbeing its primary location [8].
This channel monitors the calcium flow
needed to release neurotransmitters in
response to depolarization from synaptic
terminals [9]. N-type calcium channels in
the spinal cord, for example, are involved
in the transmission of pain sensations from
the periphery to the central nervous system
(CNS) [10, 11]. Inhibiting the N-type
calctum channel in the superficial dorsal
horn reduces membrane excitability and
neurotransmitter release, which aids in the
relief of pain [12]. In animal models,

knock-out animals lacking the N-type

calcium  channel show  diminished
nociceptive behaviours [13],
neurodegenerative  illness [14], and

pathogenesis of neuroinflammation [15].

N-type calcium channels have been
demonstrated to mediate the onset and
maintenance of neural sensitization
processes including as neuroinflammation
and neurodegeneration, making them
appealing targets for the development of
analgesic and neuroprotective medicines.
For the treatment of pain, three N-type
calcium channel modulators have been
MVIIA,

approved: The ®-conotoxin

inhibits the N-type calcium channel
potently and selectively, and is used to treat
severe chronic pain [16]. Gabapentin and
pregabalin bind to the 2 subunits of the N-
type calcium channel with a high affinity,
and are used to treat fibromyalgia, diabetic
nerve pain, and/or post-herpetic neuralgia
pain [17]. The present invention is intended
to produce N-Type calcium channel
blockers. The invention also aims to
provide a technique for treating, alleviating,
or preventing pain by administering a
substance including new imidazoles
replacements. However, due to insufficient
efficacy or side effects, no small molecule
inhibitors of N-Type calcium channels are
conducting clinical trials in the context of
neuroinflammation, neuropathic pain, or

neurodegeneration. We screened a library

of structurally varied synthesised chemicals
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in order to find a novel N-type calcium
channel inhibitor. Compounds with a
disubstituted imidazole structure were
chosen as a lead compound for novel N-
type calcium channel inhibitors due to their
novelty and ease of derivative synthesis.
Chemical modification of this molecule led
to the NCE-2 and NCE-3 as a lead
compound for novel N-type calcium
channel inhibitors (Figure 1, 2 and 3).
NCE-2 and NCE-3 chemically known as 1-
(4-chlorophenyl)-2-(2-methoxyphenyl)-4-

(2-oxaspiro[3.5]nonan-7-yl)-1H-imidazole

4-((3r,5r,7r)-adamantan-1-yl)-1-(4-chlorophenyl)-2-
(2-methoxyphenyl)-1H-imidazole

Figure 1: Structure of NCE-1

and 1-(4-chlorophenyl)-2-(oxetan-3-yl)-4-
(2-oxaspiro[3.5]nonan-7-yl)-1H-imidazole.
In this study, we characterized NCE’s, for
N-Type calcium channel inhibition, and for
pharmacokinetic profile using biochemical
& pharmacological assays.

MATERIALS AND METHODS
Compounds

All NCE’s was synthesized at Onium Life
Sciences Private Limited, Plot no. 6,
KSIDC Industrial Estate, Veera Pura post
Doddaballapura, Bangalore.

N=

MeO

1-(4-chlorophenyl)-2-(2-methoxyphenyl)-4-
(2-oxaspiro[3.5]nonan-7-yl)-1H-
imidazole

Figure 2: Structure of NCE-2

1-(4-chlorophenyl)-2-(oxetan-3-yl)-4-
(2-oxaspiro[3.5]nonan-7-yl)-1H-
imidazole
Figure 3: Structure of NCE-3

In vitro studies

Cells and reagents
IMR-32 neuroblastoma cell lines were
obtained from American Type Culture
(ATCC,

Collection Manassas,

Virginia). Fetal  bovine  serum  and

Dulbecco's modified eagle medium and

alamar blue purchased from thermo
scientific.

Cell viability assay:

IMR-32 cells at 50,000 cells/well have

been plated in 96-well flat-floor microtiters
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to detect the in vitro drug effects on cell
viability, while cultured at 37 degrees
overnight in a CO2 incubator with the
corresponding media. Test compound for
48 hours, has been added at different
concentrations. After 3 hours incubation at
37°C with the Alamar Blue solution
(Thermo  Fischer/Invitrogen, Carlsbad,
CA), fluorescence was measured using 540
nm excitation wavelength with emissions
of 590 nm (Envision Multi Mode Reader;
PerkinElmer).

Cell culture and calcium channel activity
assay

Maintaining IMR-32 cells incubating at
37°C, 5% carbon dioxide (37°C) was
employed as minimum essential medium,
consisting of 10% foetal Bovine serum,
1% antibiotic/antimycotic, 1% sodium
pyruvate and 1% MEM nonessential
amino acid. In black 96-well Cell BIND
coated plates with a density of 1.0 X 10°
cell per well, IMR-32 cell were plated
(Corning 3340). Before being used in the
Ca2+ flux test, cells were grown for 48
hours at 37°C in a humidified incubator
with five percent CO2.The growth media
was removed on the day of the
experiment, and the cells were incubated
for 1.5 hours at room temperature with
100 pl of diluted Calcium 3 dye produced
in HBSS containing 1mM HEPES, pH 7.4.
Compounds (50 pl) were pre-incubated for

1 hour before dye loading before being

added to a depolarizing buffer (50 pl,
HBSS) containing 80 mM KCI and 5 mM
CaCl,.The experiment includes nifedipine
(2 M) to eliminate the contribution of L-
type calcium channels to the KCl-evoked
calcium signal.

In vivo studies

Formulation

Tween-80 and 0.5 % methyl cellulose
were used to make a suspension
formulation for oral (p.o) dosing. For
intravenous (i.v.) administration a solution
formulation was used (10 % DMSO, 80 %
normal saline and10 % Solutol: absolute
ethyl alcohol (1:1, v/v) were used to make
this solution.). The oral and intravenous
administration dose volume was 10 and 4
mL/kg.

Animal experiments details

The pharmacological tests were approved
by the Ethical
Committee (IAEC) of Vinayaka Mission's

Institutional ~ Animal
College of pharmacy:

(P.COL/24/2020/IAEC/VMCP), which was
nominated by CPCSEA (Committee for the
Purpose of Control and Supervision of
Experiments on Animals). Male Sprague
Dawley rats (~7-9 weeks old) were
Venkateshwara

purchased from  Sri

Enterprises, Bangalore (Karnataka),
Bangalore, India. Animal were housed in
groups at a controlled room temperature
(25 £2 °C) with a 12:12 h dark-light period

(lights on at 07:30 h-19:30 h). Animals
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were fasted for 12 hours before receiving
oral treatment, during which time they were
allowed to take water ad libitum. 2 hours
post dosage Food was delivered.
Pharmacokinetic studies

SD rats (250-300 g adult males) were given
NCE-1, NCE-2 and NCE-3 at 10 mg/kg for
oral pharmacokinetics (12-hour fasting) and
1 mg/kg for intravenous pharmacokinetics.
Post administration, serial blood samples
were taken at 0.25, 0.5, 1, 2, 4, 8, 10, and
24 hours (oral administration) or 0.12, 0.25,
0.5, 1, 2, 4, 8, and 24 hours (intravenous
administration) via retro orbital
puncture.The blood samples will be mixed
by manual inversion 4-5 times in tubes
containing K;. EDTA as the anticoagulant
and centrifuged for 5 min at 14000 rpm in a
refrigerated centrifuge, post separation of
plasma samples will be stored below -60 °C
until  bioanalysis.  Following protein
precipitation with an internal standard of
acetonitrile, compound concentrations in
plasma were determined using Liquid
chromatography-Mass spectrometry (LC-
MS/MS).
Plasma samples processing and
analysis

For the preparation of CC and QC samples,
an aliquot of 5 pL of working stock
solution was spiked in to 45 pl of blank
plasma to obtain the desired concentration.

An aliquot of 50 pl of plasma and CC/QC
samples was precipitated with 400 pl of

100% acetonitrile containing an internal
standard (Tolbutamide — 100 ng/mL for
NCE-1 and 2 where Warfarin - 100 ng/mL
for NCE-3) and vortexed for 1 minute
before centrifugation at 14,000 rpm for 5
minutes at 49°CA supernatant aliquot was
separated and injected into an LC-MS/MS
system using operating condition of

isocratic  mobile  phase  comprising
acetonitrile: SmM Ammonium formate: 0.1
% formic acid delivered at a flow-rate of
0.80 ml/min with a total run time of 15
min. Atlantis C18 column (50 x 4.6 mm, 3
um; LGC Promochem India Limited,
Bangalore, India) wused, which was
maintained at ambient room temperature
(25 £ 1°C). The linearity range was 2.83-
3019 ng/mL for NCE-1, 3.35-2680 ng/mL
for NCE-2 and 3.26-2604 ng/mL for NCE-
3. The unknowns were analysed with in-
study quality control (QC) samples
supplemented with concentrations of 8.49,
1509, and 2453 ng/mL of NCE-1, 10, 1072,
and 2144 ng/mL of NCE-2 and 9.8, 1042,
and 2083 ng/mL of NCE-3. Plasma
samples with concentrations above the high
calibration standard were diluted with
blank plasma from the appropriate animal
species to bring the concentrations within
the linearity range. The retention times for
NCE-1 & IS was 0.71 & 0.96 min, NCE-2
& IS was 0.79 & 1.07 min and for NCE-3&

IS was 0.83 & 1.26 min respectively.
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Data Analysis

A Non-Compartmental method using
Phoenix ~ WinNonlin 8.0  calculated
pharmacokinetic parameters (Pharsight,

Mountain View, CA, USA).Cell viability
were analyzed one-way ANOVA followed
by Dunnett’s tests.

RESULTS

Cell viability and Calcium channel
activity assay:

In Alamar blue assay cell viability was not
reduced more than 50% at tested
concentrations and compounds seems to
be safe (Figure 4) and also, we
investigated the effects of newly
synthesized derivatives of imidazoles
(NCE-1, NCE-2 and NCE-3) on N-type
Ca2+ channels in IMR-32 human
neuroblastoma cells using a fluorescence-
based functional assay. Omega- conotoxin
MVIIA, shown concentration-dependent
inhibition of N-type calcium channel
activity with ICsy value of 3.2 nM (A)
(Figure 5).

NCE 1, 2 and 3 suppressed the Ca2+
channel activity in a concentration-
dependent manner, resulting an IC50
values 30.2 nM (B), 17.1 nM (C), and
14.7nM  (D)respectively  (Figure 5).
Similar to the peptide blocker (conotoxin),
the small-molecules calcium channel
blockers (Compounds 2 and 3) examined

in this study produced complete blockade
of N type channel with 3 -5-fold less in

potency compared to peptide blocker.
Pharmacokinetic studies

The plasma concentration profiles in
Figure 6A, Figure 6B and Figure 6C for
NCE-1, NCE-2 and NCE-3, after oral and
Table 1

intravenous administration.

summarises estimates of the

pharmacokinetic parameters of these

species.

After 1 mg/kg intravenous administration,
plasma concentrations of NCE-1, NCE-2,
and NCE-3 decreased in a mono-
exponentially manner. The clearance of
NCE-1, NCE-2 and NCE-3 was 23.6, 25.0
and 27.7 mL/min/kg [15 % hepatic blood
flow (HBF)]. NCE-2 and NCE-3 had a
moderate volume of distribution of 1.55
L/kg and 0.93 L/kg respectively and NCE-1
had a large volume of distribution 4.50
L/kg. The terminal t1/2 was found to be
1.04 h. [Figure 6 depicts the concentrations
of NCE-1, NCE-2, and NCE-3 in plasma at
various time intervals following oral and
intravenous drug administration in rats.
After oral administration the maximum
plasma concentration of NCE-1, NCE-2
and NCE-3 was found to be 786 ng/mL at 4
h, 2404 ng/ml at 1 hr and 5905 ng/mL at
0.25 h. The AUC.»4 attained post oral and
intravenous administration of NCE-1,
NCE-2 and NCE-3 were found to be 7141
and 625 ng*h/mL, 7471 and 655 ng*h/mL
and 12062 and 590 ng*h/mL respectively.

[The terminal t1/2 of NCE-1, NCE-2, and
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NCE-3 after oral administration was found
to be 3.49, 5.48, and 8.46 h, respectively,
which was longer than the terminal t1/2

after intravenous administration of 2.93,

1.60, and 0.34, indicating multiple sites

absorption]. At 10 mg/kg, the oral

bioavailability was greater than 92 percent]

(Table 1).
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Figure 4: Effect of NCE-1, NCE-2 and NCE-3 on Alamar blue cell viability assay
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Figure 5: Calcium 3 assay kit used to determine the IC50 of N-type Ca2+ channel blockers
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Plasma concentration versus time profile of
NCE-1 in SD rat
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Figure 6: Plasma concentration-time profiles of NCE-1 (A), NCE-2 (B) and NCE-3 (C)post oral (10 mg/kg) and
intravenous (1 mg/kg) administration to male Sprague Dawley rats (mean + S.D, n = 3)
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Table 1: Pharmacokinetic profile of NCE -1, 2 and 3 in SD Rat
Pharmacokinetic parameters of NCE-1 in SD rat
Parameters LV. (1 mg/kg) P.O. (1 mg/kg)
Cmax/C, (ng/mL) 620 786
Tmax (h) NA 4
AUCy 54, (ng-h/mL) 625 7141
AUCy ., (ng-h/mL) 703 7249
V4 (L/kg) 6.01 NA
Vs (L/kg) 4.49 NA
CL (mL/min/kg) 23.6 NA
Ty (h) 2.93 3.49
F% NA ~100
Pharmacokinetic parameters of NCE-2 in SD rat
Parameters L.V. (1 mg/kg) P.O. (10 mg/kg)
Cmax/Cy (ng/mL) 915 2404
Tmax (h) NA 1
AUCO_24 h (ng'h/mL) 655 7471
AUCy , p (ng-h/mL) 664 7552
Vg4 (L/kg) 347 NA
Vs (L/kg) 1.59 NA
CL (mL/min/kg) 25.0 NA
Ty (h) 1.60 5.48
F% NA ~100
Pharmacokinetic parameters of NCE-3 in SD rat
Parameters LV. (1 mg/kg) P.O. (1 mg/kg)
Cmax/C, (ng/mL) 869 5905
Tmax (h) NA 0.25
AUCy 54, (ng-h/mL) 590 12062
AUCy ., (ng-h/mL) 601 12145
V4 (L/kg) 0.82 NA
Vi (L/kg) 0.92 NA
CL (mL/min/kg) 27.7 NA
Ty (h) 0.34 8.46
F% NA ~100
DISCUSSION [18], all of which are linked to the

The focus of this research was to evaluate
the effect of NCEs using appropriate in
vitro and in pharmacokinetic profile order
to find a potent N-type calcium channel
inhibitor with good oral bioavailability. The
N-type calcium channel is a well-known
and well-characterized voltage-dependent
calcium channel found in both central and
peripheral nerve terminals [8]. Activation
of this channel causes a cascade of
physiological events, including neuronal
excitability and neurotransmitter secretion

(e.g., glutamate, substance P, or CGRP)

pathological processes of neuropathic pain
[19], neurodegenerative disease [20], and
neuroinflammation [21]. As a result,
blocking N-type VDCCs has been proposed
as a promising therapeutic target for this
pathological condition. In this study, we
have tested the potential inhibitor effect of
small molecules of series of substituted
imidazoles on N-type Ca2 + channel using
human neuronal cells from the cell line
IMR-32, whose Ca2 + currents consist of
both L-type and N type components. The

N-type Ca2 "channel-blocking effect of test

I9BPAS, October, 2021, 10(10)

3781



Gomathi Vet al

Research Article

compound was assessed in the presence of
nifedipine to block L-type Ca2 + channels.
These findings suggest that NCE-2 and
NCE-3 have effective N type calcium
channel blockage and can decrease
depolarization-induced intracellular Ca2"
concentration rise in a dose-dependent
manner. The bioavailability of the
compounds was >99% with a favourable
terminal  elimination  half-life =~ when
delivered in an in vivo pharmacokinetic
investigation, indicating that good oral
absorption was not restricted by efflux. For
the treatment of pain, there are currently no
orally active small compounds that block
the N-type calcium channel. These novel
lead compounds NCE-2 and NCE-3 were
benign and potent, suggesting that they
may be used to generate orally active
molecules.

CONCLUSION

These finding suggest that NCE-2 and
NCE-3 block N-type calcium channels and
decrease depolarization-induced rise of
intracellular Ca2 +concentration in a dose-
dependent manner with a reasonable in
vivo pharmacokinetic profile. However,
more research into the beneficial usage of
new drugs in animal models of pain and
neurodegeneration.
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