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ABSTRACT Dr. Muhammad Afzal
Background: Huntington's Disease (HD), a neurological ailment that leads to motor impairment, cognitive decline
and psychiatric disorders, has limited treatment options. Hence, there is a pressing demand for new therapeutics
to address the complex pathophysiology of HD. Lacidipine, a calcium channel blocker with antioxidative and
anti-inflammatory properties, is a promising treatment option. Aims: This work aimed to assess the therapeutic
potential of lacidipine against 3-Nitropropionic Acid (3-NPA)-induced neurodegeneration in a rodent model.
Materials and Methods: There were 24 male Wistar rats (n=6) were categorized into four groups: the control group,
the 3-NPA (10 mg/kg/day) intraperitoneally injected group and two lacidipine groups with dosages of 0.5 mg/kg and
1.0 mg/kg. These treatment animal clusters were exposed to a combination of lacidipine and 3-NPA for 14 days. On
the 14t day, behavioral assessments were conducted. Subsequently, on the 15 day of the experiment, all animals
underwent anesthesia, followed by the extraction of brain tissue for the evaluation of biochemical parameters,
including Lactate Dehydrogenase (LDH), Malondialdehyde (MDA), Superoxide Dismutase (SOD) and Glutathione
(GSH). Additionally, the activity of neurotransmitters, such as Acetylcholinesterase (AChE), Gamma-Aminobutyric
acid (GABA), glutamate, Dopamine (DA) and inflammatory mediators, including Interleukin-6 (IL-6), Interleukin-1
(IL-1B), Tumor Necrosis Factor-a (TNF-a) and Nuclear Factor kappa-B (NF-kB) were performed. A docking study was
conducted to investigate potential interactions between lacidipine and relevant molecular targets AChE (7XN1),
D3 receptor (3PBL), GABA (B) receptor (4MQF) and GIuA2 receptor (2XHD). Results: Our research showed that
treatment of rats with lacidipine after exposure to 3-NPA improved their motor coordination, sensorimotor function
and muscular strength. We also observed the restoration of neurotransmitter imbalances, reduced oxidative
stress and increased antioxidant defenses in treated rats. Furthermore, lacidipine prevented the upregulation of
neuroinflammatory biomarkers induced by 3-NPA. Lacidipine showed a negative binding energy to the target
molecules (glutamate: -7.855 kcal/mol, DA: -7.607 kcal/mol, GABA -7.523 kcal/mol and AChE: -6.949 kcal/mol).
Conclusion: The research presented in this study offers valuable information regarding the potential of lacidipine
to prevent neurodegeneration linked to HD, indicating a promising path for future investigations and possible
therapeutic applications to treat this debilitating disease.
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Huntington's Disease (HD) is an inexorable neurological
condition triggered by the amplification of CAG triplet repeats
in exon 1 of the Htt gene, which encodes the 350 kDa huntingtin
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protein.' These mutagenesis changes generate a mutant huntingtin
protein that impairs corticosteroid function and ultimately
results in cell death. These include pronounced behavioral
abnormalities, poor transcriptional control, excitotoxicity,
oxidative damage, inflammation, mitochondrial malfunction and
apoptosis, all of which are linked to the pathophysiology of the
disorder.? The prominent manifestations of HD include motor
dysfunction, cognitive difficulties and psychiatric imbalances.’
Moreover, the loss of Medium Spiny Neurons (MSNs), which
use Gamma-Aminobutyric Acid (GABA) as their principal
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neurotransmitter, is a hallmark of HD.* Despite exhaustive
research, viable therapeutic interventions to arrest or reverse HD
progression remain elusive and existing measures merely provide
symptomatic relief> HD prevalence varies by more than ten
times between different geographical areas globally. Moreover,
the incidence of HD varies dramatically between different racial
and ethnic groups, with Caucasians having the highest incidence
(9.71 per 10,000 people) and Asians having the lowest prevalence
(0.42 per 100,000 people).® HD manifests typically between the
ages of 30 and 40 years and death usually occurs 15 to 20 years
after the onset of symptoms. In a few instances, the disease may
begin earlier in young people, around the age of 20 and proceed
over a period of approximately five years.”

3-Nitropropionic Acid (3-NPA) is naturally available in
sugarcane and is produced by Arthrinium sp. In rodents,
3-NPA administration causes motor dysfunction and sustained
morphological damage to the striatum.® 3-NPA has been
documented to induce brain lesions in experimental animals and
to disrupt GABAergic medium spiny neurons in the striatum
of individuals with HD.” The toxicity of 3-NPA involves the
inhibition of succinate dehydrogenase within mitochondrial
complex II and lowers ATP production, leading to neuronal
dysfunction, particularly in energy-demanding regions like the
striatum.'” Furthermore, 3-NPA can penetrate the blood-brain
barrier, potentially causing adverse effects on the central nervous
system.!! 3-NPA triggers disruption of the mitochondrial
electron transport chain and excessive glutamate release, which
leads to excitotoxicity, a process in which excessive glutamate
damages neurons.'”” Furthermore, 3-NPA-induced oxidative
damage and excitotoxicity triggered inflammatory responses by
releasing pro-inflammatory cytokines, with activated microglia
exacerbating neuronal damage."”'" Inflammatory cytokines,
when synthesized in large quantities and stimulating microglia
for extended periods, contribute to neurodegeneration induced
by inflammatory mediators. Nitric Oxide (NO), a critical
inflammatory agent that leads to neuronal death demise of
neurons, is produced by microglia via the enzyme NO Synthase
(iNOS).1>14 Because of the similarities in the mechanisms and
pathology between 3-NPA lesions and HD, there has been a
proposal to consider 3-NPA as a potential model for studying
HD." This is supported by a previous study that provided
comprehensive insights into the utility of 3-NPA in mimicking
the pathological features of HD.'¢

Lacidipine is a calcium channel blocker taken orally with a slow
onset and long duration of action, with high vascular selectivity.
Its antioxidant activity surpasses those of other dihydropyridine
calcium antagonists.”” Previous studies have demonstrated that
lacidipine is efficacious in regulating abnormal blood pressure
and exhibits therapeutic potential in addressing oxidative
and inflammatory damage.’**° Moreover, lacidipine has been
reported to attenuate apoptosis triggered by inflammatory
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that
possesses antiviral properties,”* acts as an antibacterial agent,”

molecules.”> Previous research indicates lacidipine
is effective in managing neuropathic conditions,” functions as
an antihypertensive treatment® and provides hepatoprotective

benefits.?

Molecular Docking (MD) is an in silico structure-based method
used for drug discovery. MD enables the identification of
novel compounds with therapeutic potential, prediction of
ligand-target interactions at the molecular level and interpretation
of structure-activity relationships without prior knowledge of the
chemical structures of other target modulators.”

Considering the severe difficulties posed by HD, which
is characterized by detrimental neurodegenerative effects
and limited treatment options, it is imperative to explore
unconventional therapeutic avenues. This research aims to
investigate the lacidipine effect against the 3-NPA-induced HD
model, specifically focusing on its ability to mitigate oxidative
stress, inflammation and neurodegeneration. By evaluating
lacidipine’s antioxidative, anti-inflammatory and neuroprotective
mechanisms, we aim to provide insights into its potential as a
novel therapeutic agent for HD. Furthermore, MD was used
to determine the binding interactions between lacidipine and
molecules that contribute to the pathophysiology of HD. By
interpreting these interactions, we aimed to understand better the
basic mechanisms underlying lacidipine's therapeutic potential
in managing neurodegenerative processes.

MATERIALS AND METHODS

Chemicals

The 3-NP (MSWPA-001) and lacidipine (298% by HPLC
MSWLP-01) were acquired from MSW Pharma., India.
Enzyme-Linked Immunosorbent Assay (ELISA) kits to estimate
cytokine levels of Interleukins-1p (IL-18, KLRO119), Nuclear
Factor-xB (NF-xB, KLR0287), IL-6 (KB3068) and Tumor
Necrosis Factor-alpha (TNF-a, KB3145) were provided by
Krishgen Biosystems, Mumbai, Maharashtra, India.

Animals

A total of 24 male Wistar rats (10-12 weeks old) with body weights
ranging from 150 to 200g were included in this study(n=6) and
were distributed into four distinct polypropylenes in individually
ventilated cages. Only male rats were exclusively utilized to
mitigate gender-based variability in outcomes. The conditions in
the laboratory for keeping the experimental subjects consist of
I) A 12 hr cycle of light followed by a 12 hr cycle of darkness,
IT) an optimum temperature (22-25°C), humidity (45-55%) and
IIT) free access to both food and water. The research procedure
was endorsed by the following protocols sanctioned by the
Institutional Ethics Committee (LNCP/IAEC/2023/005) and in
accordance with the ARRIVE guidelines for research.?
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Experimental design

Throughout this study, we meticulously administered a
comprehensive treatment regimen over a span of 14 days. Rats
were systematically allocated by simple randomization to four
distinct clusters, each containing six rats (n=6). The details of
experiments are structured as follows:

Group I: The control group was orally administered saline
solution.

Group II: The disease control group, conversely, received 3-NPA
(10 mg/kg/day) intraperitoneally.

Group III: In this group, the therapeutic intervention involved
the simultaneous application of lacidipine (0.5 mg/kg/day) via
oral dose and 3-NPA (10 mg/kg/day) via intraperitoneal injection.

Group IV: Similarly, within this group, the therapeutic measures
encompassed the oral administration of lacidipine (1.0 mg/kg/
day) coupled with intraperitoneal injection of 3-NPA (10 mg/kg/
day).

Group I (normal control) was given an oral administration
of 3 mL/kg saline throughout the 14-day protocol. To induce
symptoms mimicking those of HD, a dose of 10 mg/kg 3-NPA
was mixed with saline intraperitoneally administered to animals
in Group II (3-NPA control) over a period of 14 days. The saline
solution (pH 7.4) contains 5% Dimethyl Sulfoxide (DMSO)
solution (pH 7.4). For Groups III and IV (treatment groups),
doses of 0.5 mg/kg and 1.0 mg/kg of lacidipine (soluble in
DMSO) were administered orally for 14 days.?*** Additionally,
both groups received an intraperitoneal dose of 10 mg/kg 3-NPA.
Behavioral parameters were assessed in experimental animals
throughout the protocol. On the 15" day, the body weights of
all experimental subjects were carefully documented. After the
end of the experiment, rats were anesthetized with ketamine/
xylazine (75/10 mg/kg) intraperitoneally.®" All rats were ethically
sacrificed by cervical dislocation and their brains (striatum) were
preserved for subsequent biochemical analyses (Figure 1).

Behavioural assessments

All behavioral tests were conducted during the light phase,
specifically between 10:30 am and 4:30 pm, to mitigate potential
circadian influences. Rotarod and beam walk evaluations were
conducted on the 14" day of the experiment, whereas the grip
strength test was performed on the 15" day before the animals
were euthanized.

Rotarod test

The rotarod test was performed following the methodology
outlined in a previous study.? The rotarod assessment's objective
was to ensure that the animal ran continuously on a rotating rod
while maintaining balance and preventing falls. Before the actual
test, the animals underwent three training trials during which
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the rod was rotated (5 rpm). For the actual test, the rodents were
kept on the rotarod device and the rotation was initiated at 3 rpm,
gradually increasing to a maximum of 30 rpm. The duration until
they fell from the rod was measured as the falling latency and was
used for comparative analysis.

Narrow Beam Walk Test

The narrow-beam walk test is a behavioural evaluation used
to assess sensorimotor function, balance and coordination in
experimental animals, as described in previous works.**** The
subjects underwent training to navigate a wooden beam of
length 150 cm. The beam was divided into three sections, each
spanning 50 cm and the animal travelled from a platform at one
end to its home cage positioned at the opposite end. The beam
was positioned horizontally situated horizontally at a height of
60 cm above the floor. Beneath the beam, a container containing
sawdust was positioned to provide a protective cushion in the
event of a falling rat. The rat's adaptation process involved a 5 min
period during which it was permitted to familiarize itself with the
beam. The elapsed crossing time was meticulously documented
upon the rat traversal of the beam.

Grip strength test

The grip strength test was employed to assess the motor function
and muscle strength of rats as described by Ibrahim WW et al.*®
Animals from each experimental group were allowed to suspend
themselves using their front paws on a horizontally stretched steel
wire measuring 2 mm in diameter and 35 cm in length. This wire
was positioned at a height of 50 cm above the cushioned support.
The time to grasp the horizontal wire was regarded as an indirect
indicator of the grip strength.

Neurochemical assessments
Acetylcholinesterase (AChE) estimation

Acetylcholinesterase (AChE) activity was assessed per Ellman et
al.'s protocol.® A solution was created in a test tube by mixing
3 mL of 0.2 M phosphate buffer (pH 8), 0.05 mL of brain
homogenate, 0.1 mL of acetylthiocholine iodide and 100 uL of
5,5’-Dithiobis-(2-Nitrobenzoic acid) (DTNB). In a test tube, a
solution was prepared in a test tube by sequentially combining
3 mL of pH 8, 0.2 M phosphate buffer, followed by 0.05 mL of
brain homogenate, 0.1 mL of acetylthiocholine iodide and finally,
100 puL of DTNB. The absorbance of the resultant solution was
subjected to spectrophotometric analysis at a wavelength of 412
nm, extending over a period of 120 sec, with measurements taken
at 30 sec intervals.

GABA, DA and glutamate estimation

Neurotransmitter concentrations, including GABA, DA and
glutamate, were precisely quantified by high-performance liquid
chromatography (HPLC Agilent 1100 VWD Detector) according
to a previously described methodology.”” Before derivatization,
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the samples were deproteinized using methyl alcohol. The
specimens were combined with 2,4-Dinitrofluorobenzene
(DNFB) and allowed to react for a duration of 1 hr at 60°C.
Subsequently, 50 mM potassium dihydrogen phosphate was
added to terminate the reaction. The obtained compounds were
analyzed using a UV detector operating at a wavelength of 360
nm. We used ChemStation software to control and analyze data.

Biochemical assessments
Lactate Dehydrogenase (LDH) estimation

LDH was assessed using a previously described method.” The
assay mixture comprised 0.5 mL of buffered substrate formulated
in 0.1 M glycine buffer (pH 7.9) and 0.1 mL of the prepared tissue
homogenate. Incubation was performed out for 30 (37.8°C).
Subsequently, colour enhancement was achieved by adding 5.0
mL of 0.4N NaOH. Absorbance at 440 nm was measured using
a spectrophotometer. Enzyme activity was quantified in terms of
units per Liter.

Malondialdehyde (MDA) estimation

Oxidative stress was evaluated by estimating the expression of
Malondialdehyde (MDA) inratbrain tissue using the methodology
outlined in a previous study® Tissue homogenates were
meticulously prepared and the protein content was determined.
MDA, a lipid peroxidation product, was quantified by reaction
with thiobarbituric acid. The resultant MDA-thiobarbituric acid
adduct was recorded spectrophotometrically at 532 nm. Standard
MDA solutions aided in the calibration of the measurements and
the output was represented by nanomoles of MDA per mg of
protein.

Superoxide Dismutase (SOD) estimation

The antioxidant defense was evaluated by measuring the
expression of SOD in rat brain tissue as per the method described

in previous study.*” Tissue homogenates were prepared and their
protein content was determined. The SOD level was assessed
based on its capacity to prevent the auto-oxidation of epinephrine
and reaction kinetics was monitored spectrophotometrically at a
wavelength of 480 nm. Enzyme activity was quantified in units
per milligram.

Reduced Glutathione (GSH) estimation

The quantification of reduced glutathione in brain homogenates
was performed following the procedure described and outlined
by Ellman in a previous study.” 1 mL of supernatant was mixed
with an equal volume of 4% sulfosalicylic acid for precipitation,
followed by cold digestion at 4°C for 1 hr and centrifuged at
1200xg for 15 min. A reaction mixture of 10 mL was prepared,
comprising 2.7 mL of 0.1 M phosphate buffer solution (pH 8), 0.2
mL DTNB and 0.1 mL of the supernatant. Spectrophotometric
estimation was conducted at 412 nm and the quantified GSH
level was presented as units per milligram.

Neuroinflammatory markers assessments

Neuroinflammatory responses were evaluated by quantifying
IL-1f3, IL-6, NF-kB and TNF-a levels in the brain tissue of
rats. Homogenized tissue samples were meticulously prepared
and the protein concentration was subsequently determined.
Quantification of IL-1p, IL-6, NF-xB and TNF-a concentration
was accomplished using commercial ELISA kits, meticulously
following the guidelines prescribed by the manufacturer to ensure
precision and consistency in measurements.

Molecular Docking
Target protein retrieval and preparation

To predict the strength of the bonds between various ligands and
target molecules, including AChE, DA, GABA and glutamate,
we obtained the corresponding FASTA sequences from the

Table 1: Comparison between standard values and retrieved protein for validation of selected protein.

Parameters Details Standards
Target ACHE Dopamine (D3 ~ Gamma-Aminobutyric Glutamate -
receptor) Acid GABA (B) (GluA2
receptor receptor)
Protein Id and 7XN1 3PBL 4MQF 2XHD -
Method of experiment X-RAY X-RAY X-RAY Diftraction X-RAY X-RAY Diftraction
Diffraction Diffraction Diffraction
Mutation No No No No No
Resolution 2.85 A 2.89 A 2224 1.80 A Near about 3.00 A
wwPDB Validation Better Better Better Better Better
Co-Crystal Ligand Tacrine ETQ 2BQ 7T9 -
Ramchandran Plot (by 89.8 % 91.5 % 92.2 % 94.2 % >88 %
PROCHECK server)

Residues in
favoured+Allowed regions
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National Center for Biotechnology Information (NCBI). We then
utilized the Basic Local Alignment Search Tool (BLAST) to locate
similar sequences within the Protein Data Bank (PDB). The 5-10
sequences selected for further analysis were carefully evaluated
based on several factors, including query coverage, percentage
identity and E-value. Three-dimensional X-ray crystallographic
structures of AChE (7XN1), D3 receptor (3PBL), GABA (B)
receptor (4MQF) and GluA2 receptor (2XHD) were retrieved
from the PDB) using their respective accession numbers.
Thorough evaluations were conducted to ensure the integrity of
these structures, including examination of resolution, mutations,
World Wide Protein Data Bank validation, compatibility with
co-crystal ligands and analysis of the Ramachandran plot.

The PDB sum server was used to select the binding pockets of
the target proteins to prepare molecules for docking. Missing
residues were added to the protein structure and side chains were
generated using CHIMERA v1.16. To ensure structural integrity
and the protein's readiness for docking, 1000 steepest descent
steps were performed with a descent size of 0.1 A, followed by
100 conjugate gradient steps with a conjugate gradient size of 0.1
A. Hydrogen was added to simulate the behavior of proteins in an
aqueous environment and the protonation states were adjusted.
Standard and nonstandard residues were treated using AMBER
ff14SB and AMI1-BCC force fields, respectively. Nonstandard
residues were removed from the protein structure using the
Biovia Discovery Studio visualizer V21.1.0.20298.

Grid generation

To identify the docking regions of target proteins, including
AChE (7XN1), D3 receptor (3PBL), GABA (B) receptor (4MQF)
and GluA2 receptor (2XHD), AutoDockTools, Chimera and

Maestro software were utilized. To ensure high precision in the
docking process, the precise volume for the docking grid was
calculated by determining the dimensions of the protein pockets
based on data retrieved from the CASTp (Computed Atlas of
Surface Topography of proteins) server.

Ligands preparation

The2D and 3D structures of the ligands were refined with precision
in the ligand preparation process using the MarvinSketch
software, version 21.13. This was performed to ensure accuracy
and consistency and the refined structures were saved in the 3D
mol2 file format.

Molecular docking of target protein with ligands

All biomolecules were converted to pdbqt format to perform
docking using AutoDock 1.5.6 and ADFRsuit for ligands and
proteins, respectively. Rotatable bonds were allowed to rotate
freely for ligands, whereas the receptor proteins remained
rigid. Autodock Vina 1.2.3 was used for docking studies with a
specified grid spacing of 0.375 A. The grid box was positioned
to facilitate the identification of potential interaction sites
between the ligands and the target protein's active site (Table
2), thereby allowing the program to conduct a thorough search.
The XYZ coordinates, as specified in (Table 3), CPU set at 23,
exhaustiveness of 32, nine modes and energy range of 3, were
carefully configured. To validate the results, re-docking was
performed using the same configuration as the initial docking.
Autodock Vina analysis results in generated molecular complexes
in the Biovia Discovery Studio visualizer. Visualization of these
complexes, which included both 2D and 3D representations, was
accomplished using Maestro 12.3 (academic edition).
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Figure 1: Summary of experimental layout outlining research methods and processes.
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Statistical Analysis

The experiment data was statistically analyzed using GraphPad
PRISM (version 8.0.2). Unless otherwise stated, all values are
presented as Mean+tStandard Deviation (SD). Shapiro-Wilk tests
were used to determine the normality of numerical variables.
Behavioural and biochemical assessments involved one-way
Analysis of Variance (ANOVA) in assessing overall differences,
followed by Tukey's posthoc test to compare the control and
treatment groups. The threshold for statistical significance was
established at p<0.05.

RESULTS

Body weight measurement

During the experiment, it was observed that the group
administered with 3-NPA (Disease Group) showed a notable
depletion in body weight compared to the control group.
However, both doses of lacidipine led to a notable increase in
body weight among the experimental subjects of both treatment
groups [F (3, 20)=5.261, (P=0.0167)] (Figure 2).

Behavioural assessments
Rotarod test

The rotarod test provided insight into the motor coordination
deficits caused by 3-NPA. The disease control group showed a
significant decrease in the time taken to fall from the rotating rod
compared with the normal control group, indicating impaired
motor coordination due to 3-NPA exposure. Administration of
both doses of lacidipine (0.5 mg/kg and 1 mg/kg) resulted in
improved rotarod performance [F (3, 20)=21.76, (p<0.0001)]
(Figure 3A).

Narrow Beam Walk Test

The narrow-beam walk test revealed impairments caused by
3-NPA, with the disease control group exhibiting extended
traversal times across the narrow beam. Conversely, animals
treated with both doses of lacidipine (0.5 mg/kg and 1 mg/
kg) displayed reduced traversal times, indicating improved
sensorimotor coordination [F (3, 20)=13.94, (p<0.0001)] (Figure
3B).

Grip strength test

The grip test was used to indicate muscular strength and
neuromuscular efficiency. Animals in the disease control group
showed reduced grip strength due to 3 NPA administration.
However, treatment with both doses of lacidipine resulted in a
significant regain of grip strength. The higher dose (1.0 mg/kg)
of lacidipine demonstrated more pronounced improvement in
grip strength than the lower dose (0.5 mg/kg) [F (3, 20)=31.96,
(p<0.0001)] (Figure 3C).
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Neurochemical assessmentsAChE estimation

As a result of 3-NPA exposure, increased AChE activity was
evident in the disease group collated with the control group. Both
doses of lacidipine significantly reversed the effect of 3-NPA,
which corresponded to diminished AChE activity. However,
when comparing the two lacidipine treatment groups, it became

Table 2: The active sites amino acids.

Protein The active sites amino acids
ID

7XN1  ASP74, TRP86, GLY121, GLU202, TYR337,

TYR341, HIS447, GLY448

ASP110, VALI11, CYS114, ILE183, VAL189,
SER192, PHE345, PHE346, HIS349, THR369,
TYR373

PRO105, GLY106, THR109, SER131, THR134,
LEU135, GLU138, ALA139, ALA156, ASN159,
ARG162, GLN196, GLN197, THR198, THR199,
GLU200, THR203, SER204, ASP207, ARG223,
GLN224, SER225, PHE226, PHE227, SER228,
ASP229, ALA231, VAL232, PRO233, ASN236,
ARG239, GLN240, ALA69, LYS70, SER72, ILE73,
ASN110, ALA111, LEU114, VAL134, PRO136,
SER137, SER140, ILE141, GLU144, ALA157,
ALA158, THR159, THR160, PRO161, VAL162,
ALA164, ASP165, LYS166, LYS167, LYS168,
TYR169, ARG174, VAL176, PRO177, SER178,
ASP179, ASN180, ALA181, VAL182, ASN183,
PRO184, ILE186, THR200, THR202, ASP204,
VAL205, GLN206, ARG207, PHE208, SER209,
GLU210, VAL211, ARG212, ASN213, ASP214,
LEU215, THR216, VAL218, TYR220, SER227,
THR229, GLU230, SER231, SER233, SER239,
LYS242, ASN246, LEU252, GLY253, GLN254,
GLN257, ILE280, ILE281, PRO282, GLY283,
TRP284, TYR285, GLU286, PRO287, VAL317,
ASP318, PHE319, PRO321, LEU322, GLU339,
TYR342, ASN343, GLY350, PRO351, SER352,
LYS353, PHE354, HIS355, ARG418, GLU421,
ARG422, MET423, GLY424, ILE426, LYS427,
TYR442, ALA444

TYR35, GLY62, ALA63, ARG64, ASP65, ALA6G,
TRP71, ASN72, THR91, ILE92, THR93, LEU%4,
VAL95, ARG96, GLU98, VAL99, LYS104, PRO105,
PHE106, MET107, SER108, ASP139, SER140,
GLY141, SER142, LYS144, GLU145, PHE146,
ARG148, ARG149, SER150, LYS151, ILE152,
PHE155, GLN202, LEU215, ASP216, SER217,
LYS218, GLY219, VAL238, LEU239, SER242,
GLU243, GLN244, GLY245, LEU247, ASP248,
LYS251, ASN252, TYR256, GLY259, CYS261,
GLY262, ALA263, ILE113, GLU122, SER123,
ALA124, GLU125, ASP126, VAL154, VAL211,
GLY212, GLY213, ASN214

BPBL

4MQF

2XHD
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Figure 2: Impact of lacidipine on body weight in 3-nitropropionic acid-induced
Huntington's Disease in rats. One ANOVA followed by Tukey's test post hoc test (n=6).
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Figure 3: Impact of lacidipine on A) Rotarod test, B) Narrow-beam walk test, C) Grip test of animals mimicking Huntington’s
Disease triggered by 3-nitropropionic acid administration. One ANOVA followed by Tukey's test post hoc (n=6). #p<0.001 vs.
normal control, *p<0.05, ** p<0.001 Vs 3-nitropropionic acid group.
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apparent that the higher dose (1.0 mg/kg) exerted a more
pronounced effect in reducing AChE activity than the dose of 0.5
mg/kg [F (3,20)=17.41, (p<0.0001)] (Figure 4A).

GABA, DA and glutamate estimation

The altered levels of GABA, DA and glutamate revealed
neurotransmitter imbalances due to 3-NPA exposure. In the
disease group, elevated levels of glutamate and DA were evident,
whereas decreased GABA activity was observed compared to the
control group. Both lacidipine doses (0.5 mg/kg and 1 mg/kg)
effectively restored the expected levels of these neurotransmitters
i.e, GABA [F (3, 20)=8.839, (p<0.0001)], DA [F (3, 20)=24.63,
(p<0.0001)] and glutamate [F (3, 20)=25.84, (p<0.0001)] (Figures
4 B-D).

Biochemical assessments
LDH estimation

An increase in LDH activity was observed in the disease control
group due to 3-NPA exposure, compared to that in the control
group. Treatment with both doses of lacidipine (0.5 mg/kg and 1
mg/kg) led to a significant decline in LDH levels [F (3, 20)=14.57,
(p<0.0001)] (Figure 5A).

MDA estimation

Elevated MDA levels were observed in the 3-NPA-exposed
subjects, in contrast to the control group. Animals treated with
both high and low doses of lacidipine (0.5 and 1 mg/kg) exhibited
diminished MDA levels, thereby reversing the impact of 3-NPA
exposure significantly [F (3, 20)=38.00, (p<0.0001)] (Figure 5B).

SOD estimation

Administration of 3-NPA caused a marked decrease (p<0.001) in
brain SOD activity in the disease group compared with that in
the control group. On the contrary, treatment with lacidipine (at
doses of 0.5 and 1 mg/kg) in rats subjected to 3-NPA noticeably
(p<0.001) increased the levels of SOD compared to rats that were
only administered 3-NPA [F (3, 20)=13.31, (p<0.0001)] (Figure
5C).

GSH estimation

A notable depletion in GSH levels was observed in the diseased
group (3-NPA) compared to the control group. However, both
doses of lacidipine effectively counteracted the adverse effects of

3-NPA, resulting in a significant increase in GSH levels. Notably,
when comparing the two lacidipine treatment groups, the higher
dose (1.0 mg/kg) resulted in a more noticeable impact in elevating
GSH levels than the lower dose (0.5 mg/kg) [F (3, 20)=13.16,
(p<0.0001)] (Figure 5D).

Neuroinflammatory markers assessments

A notable elevation in the concentration of neuroinflammatory
biomarkers, specifically IL-6, IL-1p and TNF-a was conspicuously
discerned in rats subjected to 3-NPA treatment, in contrast to the
control group. Lacidipine at both dose concentrations (0.5 and 1
mg/kg) exhibited a robust and statistically significant attenuation
of the 3-NPA-induced upregulation of IL-6 [F (3, 20)=29.52,
(p<0.0001)], IL-1PB [F (3,20)=30.91, (p<0.0001)] and TNF-a [F (3,
20)=28.18, (p<0.0001)] inflammatory mediators (Figures 6A-C).
Additionally, a noteworthy hike in NF-kB expression levels was
observed in the disease group exposed to 3-NPA relative to the
control group. In contrast, the lacidipine treatment groups (0.5
and 1 mg/kg) demonstrated a significant reduction in NF-«xB
activity [F (3, 20)=10.58, (p<0.0001)] (Figure 6D).

Molecular Docking

The docking analysis of lacidipine with the target proteins
yielded valuable information for drug discovery and bioactivity
assessments. The results of the molecular docking study indicated
that lacidipine has a significant binding affinity with all selected
targets, suggesting a multitargeted approach (Tables 1-4). We
evaluated the validity of these structures using resolution, mutation
presence, wwPDB validation, co-crystal ligand compatibility and
Ramachandran plot analysis (Figures 7 A-D). Lacidipine shows
a favourable negative binding energy to the GluA2 receptor
with docking scores of -7.855 kcal/mol, which suggests that the
drug has the strongest affinity for the glutamate receptor. Target
GluA2 receptor (2XHD) exhibits hydrophobic interactions with
LEU247B at 3.87 A, ASP248B at 3.96 A and LYS251B at 3.94 A.
Hydrogen bonds are observed with SER108B at 1.64 A, ASN214A
at 2.51 A and ASP248B at 2.29 A. This suggests that the affinity
of lacidipine is primarily maintained through hydrogen bonding,
while the other targets are held together through hydrophobic
interactions.

Lacidipine demonstrates a binding energy of -6.949 kcal/mol for
AChE (7XN1). The intermolecular interactions primarily involve
hydrophobic interactions with several amino acid residues:

Table 3: Grid parameters for docking study.

SI.No.  ProteinId
X y
1 7XN1 48.32 -40.0
2 BPBL 0.09 -14.83
3 4AMQF -48.64 21.41
4 2XHD 30.6 44.4
1572

Centre Coordinates

Size Coordinates

z X y z
-30.0 40 40 40
10.43 25 25 25
-26.17 20 20 20
18.81 20 20 20
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Table 4: Docking Score and intermolecular interactions of ligands against AChE (7XN1), D3 receptor (3PBL), GABA (B) receptor (4MQF) and GluA2

receptor (2XHD).
Sl. Molecule Binding Type of Interaction
No. Energy

1 7XN1_LACIDIPINE -6.949 Hydrophobic
Interactions

Hydrogen Bonds

2 3PBL_LACIDIPINE -7.607 Hydrophobic
Interactions

Hydrogen Bonds
Salt Bridges

3 4MQF_LACIDIPINE -7.523 Hydrophobic
Interactions

Hydrogen Bonds
n-Stacking

4 2XHD_LACIDIPINE -7.855 Hydrophobic
Interactions

Hydrogen Bonds

Indian Journal of Pharmaceutical Education and Research, Vol 59, Issue 4, Oct-Dec, 2025

Residue ID

TYR72A
TYRI24A
TRP286A
TRP286A
TRP286A
TRP286A
LEU289A
PHE297A
TYR337A
PHE338A
TYR341A
TYR341A
TYR341A
TYRI124A
VALS6A
LEUS89A
GLU90A
PHE106A
VAL180A
PRO362A
TYR365A
TYR365A
TYR365A
ASN352A
HIS349A
TRP65A
VAL201A
PHE202A
TYR250A
TRP278A
TRP278A
TRP278A
TRP65A
LEU247B
ASP248B
LYS251B
SER108B
ASN214A
ASP248B

Distance

3.9
3.99
3.83
3.93
3.68
3.67
3.83
3.52
3.62
3.87
3.83
3.72
3.79
2
391
3.52
3.63
3.96
3.46
3.72
3.64
4
3.55
2.55
5.49
3.79
3.67
3.45
3.75
3.8
3.72
2.7
4.87
3.87
3.96
3.94
1.64
2.51
2.29
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Figure 4: Impact of lacidipine on the activity of A) Acetylcholinesterase, B) GABA, C) Dopamine and D) Glutamate of animals mimicking
Huntington's Disease triggered by 3-nitropropionic acid administration. One ANOVA followed by Tukey's test post hoc (n=6). #p<0.001 vs.
normal control, *p<0.05, **p<0.001, ***p<0.0001 Vs 3-nitropropionic acid group.

TYR72A at 3.9 A, TYR124A at 3.99 A and TRP286A at multiple
distances (3.83, 3.93, 3.68, 3.67 A), LEU289A at 3.83 A, PHE297A
at3.52 A, TYR337A at 3.62 A, PHE338A at 3.87 A and TYR341A
at various distances (3.83, 3.72, 3.79 A). Additionally, a hydrogen
bond is formed with TYR124A at 2.0 A.

Lacidipine shows a binding energy of -7.607 kcal/mol for the
D3 receptor (3PBL). Hydrophobic interactions are observed
with VAL86A at 3.91 A, LEU8YA at 3.52 A, GLU90A at 3.63 A,
PHE106A at 3.96 A, VAL180A at 3.46 A, PRO362A at 3.72 A and
TYR365A at various distances (3.64, 4.00, 3.55 A). A hydrogen
bond is formed with ASN352A at 2.55 A and a salt bridge is
present with HIS349A at 5.49 A. Furthermore, lacidipine displays
a binding energy of -7.523 kcal/mol for the GABA (B) receptor
(4MQF). Hydrophobic interactions occur with TRP65A at 3.79
A, VAL201A at 3.67 A, PHE202A at 3.45 A, TYR250A at 3.75
A and TRP278A at multiple distances (3.80, 3.72 A). There is
also a hydrogen bond with TRP278A at 2.70 A and a n-stacking
interaction with TRP65A at 4.87 A (Figures 8 A-D).

DISCUSSION

In this study, we analyzed the impact of lacidipine on body
weight, behavioral performance (rotarod, narrow-beam walk
and grip strength), neurochemical levels (AChE, GABA, DA,
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glutamate), biochemical markers (LDH, MDA, SOD and GSH)
and inflammatory molecules (IL-6, IL-1B, TNF-a and NF-kB)
in a rat model with 3-NPA neurotoxicity. 3-NP, a mycotoxin,
is widely recognized as a mitochondrial complex II enzyme
inhibitor. This inhibition leads to disruption of the mitochondrial
electron transport chain system, resulting in energy deficiency.
Consequently, it has been observed to induce a range of cognitive
and motor-related abnormalities, affecting both behavioral and
biochemical processes linked to memory and motor function.”
Our study revealed that 3-NPA prompted a marked decline in
the body weight of rats. Typically, individuals suffering from HD
commonly encounter substantial unintentional weight loss, which
is likely due to metabolic defects and disturbances in cellular
energy generation.” The results of our study demonstrated a
notable decline in body weight among subjects subjected to
3-NPA treatment. Notably, the administration of lacidipine
at both concentrations led to significant restoration of body
weight in the experimental animals. Symptoms of reduced motor
movement are predominantly observed in the advanced stages of
HD patients. These motor issues resemble the dysfunction seen
in rats intoxicated by injecting them with 3-NPA.** Similarly,
our findings of behavioral experiments revealed that 3-NPA
induced significant disruptions in motor performance, gait and
grip strength of rodents, which were assessed by rotarod test,
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narrow beam walking test and grip strength assessment. These
motor abnormalities are postulated to be caused by an excessive
elevation of DA levels in the striatum, which may be attributed
to the impairment of GABAergic neurons within the striatum

responsible for regulating overall striatal output. In both tested
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treatment regimens, lacidipine resulted in a marked enhancement
in behavioural abnormalities collated with animals solely treated
with 3-NPA. HD is primarily linked to altered neurotransmitters,
including AChE, within the cholinergic nervous mechanism,

resulting in memory and psychical disruptions.*’ Elevated AChE
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Figure 5: Impact of lacidipine on the activity of A) LDH, B) MDA, C) SOD, D) GSH of animals mimicking Huntington's Disease triggered by 3-nitropropionic
acid administration. One ANOVA followed by Tukey's test post hoc (n=6). #p<0.001 vs. normal control, *p<0.05, **p<0.001, ***p<0.0001 Vs 3-nitropropionic acid

group.
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Figure 6: Impact of lacidipine on the activity of neuroinflammatory markers A) IL-6, B) IL-13, C) TNF-q,

D) NF-kB of animals mimicking Huntington’s Disease triggered by 3-nitropropionic acid administration.

One ANOVA followed by Tukey's test post hoc (n=6). #p<0.001 vs. normal control, * p<0.05, ** p<0.001,
*** p<0.0001 Vs control; # p<0.001 Vs 3-nitropropionic acid group.

levels contribute to diminishing cholinergic innervation and
are intricately associated with a spectrum of neurodegenerative
The inhibition of AChE leads to
acetylcholine availability, thereby promoting the enhancement of

disorders. increased
cholinergic function. AChE plays a vital role in the progression
of neurodegenerative conditions, impacting diverse processes,
including inflammation, apoptotic responses, oxidative stress and
the accumulation of pathological substances.* In this research,
the exposure of 3-NPA led to a marked elevation in AChE levels
in experimental animals, consistent with findings from previous
studies. In this investigation, both concentrations of lacidipine
effectively restored AChE levels to a normal state compared to
the group subjected to 3-NPA treatment. Previous studies have
documented that a decrease in striatal SDH levels effectively
halts the progression of HD. Nevertheless, the administration of
3-NPA increased LDH concentrations.””* In our investigation,
the administration of 3-NPA to the experimental animal subjects
resulted in an elevation of LDH concentrations collated with
the control group. However, administering low and high doses
of lacidipine effectively ameliorated the LDH concentrations.
A previous investigation documented that 3-NPA is associated

1576

with elevated glutamate levels and reduced GABA concentrations
in striatal and cortical regions. Furthermore, modifications in
glutamatergic input and GABAergic output of medium spiny
neurons in the striatum have been shown to intensify their
vulnerability to the detrimental effects of 3-NPA. Consequently,
this exacerbates impairments in both motor and cognitive
functions.”** Hence, GABA and glutamate have been recognized
as crucial elements in developing HD. In the current study, the
application of lacidipine mitigated the excitotoxic effects induced
by 3-NPA through a dual mechanism, encompassing a reduction
in glutamate activity and a hike in GABA expression in the brain.
Previously, it was documented that the pathomorphological
changes induced by 3-NPA in the caudate nuclei result from
damage to the dopaminergic pathway, which disrupts dopamine
regulation. Furthermore, the toxicity of 3-NPA and the disruption
of dopamine catabolism in the striatum lead to the breakdown
of astrocytes. Dysregulation of the dopaminergic system in HD
amplifies neuronal excitability by augmenting glutamatergic
death.®>*
The outputs of our study demonstrated that the exposure to
3-NPA led to a depletion in dopamine activity collated in the

transmission, ultimately exacerbating neuronal
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control group. Nonetheless, treatment with lacidipine notably
counteracted the deleterious effects of 3-NPA on dopamine
activity. Previous studies have established that 3-NPA toxicity
induces oxidative stress through an increase in MDA levels and
disrupts the antioxidant defence system by depleting the activities
of SOD, GSH and CAT.>** Consistently, the findings indicate
that 3-NPA fosters oxidative stress, as supported by elevated
MDA levels in subjects administered 3-NPA conversely to the
control group. Concurrently, the expression of SOD, GSH and
CAT were diminished in animals receiving 3-NPA compared
with those in the control group. Notably, the test drug lacidipine
effectively mitigated the toxic effects of 3-NPA, restoring normal
levels of MDA, SOD, GSH and CAT activities. Aggregation of
reactive microglia in the brain is associated with the development
of HD. Notably, activated microglia have been identified in
asymptomatic individuals before the onset of HD symptoms,
along with increased levels of neuroinflammatory substances,
such as IL-6. Elevated activities of pro-inflammatory mediators,
notably IL-6 and TNE have been documented in the plasma and

striatal tissues of individuals affected by HD. Moreover, a prior
study reported atypical NF-kB activation in astrocytes in rodents
and patients with HD, indicating a potential mechanism of
astrocytic inflammation in HD. Prior research has demonstrated
that the administration of 3-NPA leads to an elevation in the
levels of pro-inflammatory molecules, including TNF-a, IL-1f
and IL-6, as well as the activation of the NF-kB pathway, within
the striatal region. Consistent with previous research, our results
revealed a significant increase in TNF-a, IL-1pB, IL-6 and NF-«B
levels in animals injected with 3-NPA collated with the control
group. However, lacidipine at both concentrations significantly
mitigated the toxicity and restored the inflammatory molecules
to their normal levels.

Previous molecular docking studies have suggested that a low
ligand-receptor binding energy is indicative of a favourable
interaction between the ligand and its target, whereas a high
binding energy suggests a weaker interaction between the ligand
and the target. Molecular docking analysis showed that lacidipine
displayed binding to all target molecules, including AChE (7XN1),
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Figure 7: Ramachandran Plot obtained from PROCHECK server A) AChE, B) Dopamine, C) GABA and D) Glutamate.
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Figure 8: Docked conformation of ligand lacidipine with target proteins visualized using Maestro V12.8 and Biovia Discovery
Studio A) AChE (7XN1), B) D3 receptor (3PBL), C) GABA (B) receptor (4MQF) and D) GIuA2 receptor (2XHD).

D3 receptor (3PBL), GABA (B) receptor (4MQF) and GluA2
receptor (2XHD). Among these molecules, lacidipine showed
a negative binding energy to the GluA2 receptor with docking
scores of -7.855 kcal/mol. Previous research has emphasized
the significance of hydrogen bonds in determining the strength
of the interactions between molecules at their target sites. This
implies that the presence of more hydrogen bonds can lead to
higher binding efficiency.®’ In our research, we characterized the
binding interaction between glutamate (GluA2) and lacidipine
by observing the formation of three hydrogen bonds, which
highlights the strong affinity between these two molecules
compared to other molecules that only formed one hydrogen
bond. The results of these studies suggest that lacidipine may be a
potential therapeutic option for targeting glutamate.

Our study on the effect of lacidipine on 3-NPA induced HD
in a murine model showed parallel results when compared
with previous similar studies. The estimated oxidative stress
parameters (GSH, SOD and MDA) and neuroinflammatory
markers (TNF-a and IL-1P) are consistent with those previously
reported. Moreover, the previous study assessed mitochondrial
enzyme activities, neurobehavioral tests and oxidative stress
markers and showed similar results to our study.”’ Additionally,
a similar study evaluating neurotransmitters (AChE, GABA,
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glutamate and DA) and inflammatory mediators (IL-6, IL-1f,
TNF-a and NF-kB) supports the findings of our study.'>*

Our research indicates that lacidipine exerts neuroprotective
effects in a 3-NPA model of HD through several interrelated
mechanisms. Lacidipine reduces oxidative stress by decreasing
MDA levels and increasing antioxidant enzyme activity (SOD
and GSH). Additionally, it exhibits anti-inflammatory effects by
lowering pro-inflammatory cytokines (IL-6, IL-1p and TNF-a)
and inhibiting NF-«xB activation, which likely prevents further
neuronal damage and supports neural repair mechanisms.
Lacidipine also normalizes neurotransmitter levels by decreasing
glutamate and increasing GABA concentrations while improving
dopaminelevels. Thisregulation helps counteract the excitotoxicity
and neurotransmitter imbalance characteristics of HD. Molecular
docking studies demonstrated a strong binding affinity of
lacidipine to Glutamate (GluA2), suggesting direct inhibition
of excitotoxic pathways. These combined actions of lacidipine
help preserve neuronal function, reduce neuroinflammation and
support overall cellular energy homeostasis.

However, our study has limitations, first, we primarily focused
on biochemical and behavioral outcomes without investigating
detailed molecular mechanisms, including gene expression
and protein pathways. Second, the 14-day treatment period
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may not fully capture lacidipine long-term and potential side
effects, warranting further studies. Third, we utilized a single
animal model (Wistar rats) and a specific Neurotoxin (3-NPA)
to induce HD-like symptoms, which may not fully replicate
human HD complexities. Hence, further research is necessary to
elucidate this mechanism, including investigations of molecular
mechanisms, western blotting and histopathological studies.
Moreover, the utilization of genetic models such as transgenic
HD mouse models could provide more comprehensive insights
into the genetic underpinnings of this neurodegenerative process.
Exploring additional neurotoxin-based models in conjunction
with genetic studies could validate the therapeutic potential of
lacidipine in various experimental paradigms. Furthermore,
examining the long-term effects through genomic, proteomic
and metabolomic analyses will be crucial to fully elucidate the
role of lacidipine in neuroprotection and disease modification.

CONCLUSION

Our study showed that lacidipine could alleviate memory deficits
and reinstate cognitive function by normalizing antioxidant
and anti-inflammatory processes. It effectively reversed the
neurotransmitter imbalances induced by 3-NPA and reduced
the markers of oxidative damage and neuroinflammation. These
results indicate that lacidipine possesses therapeutic qualities that
mitigate the neurotoxic effects of 3-NPA and enhance cognitive
function. Further investigations are required to unlock its
complete therapeutic potential, unveil the molecular mechanisms
underlying its neuroprotective properties and optimize its
application in the management of 3-NPA-induced neurotoxicity.
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SUMMARY

This study investigates lacidipine, a calcium channel blocker
with antioxidant and anti-inflammatory properties, as a
potential treatment for HD. Using a rat paradigm with
3-Nitropropionic Acid (3-NPA)-induced neurodegeneration, it
was found that lacidipine improved motor function, corrected
neurotransmitter imbalances, reduced oxidative stress and
lowered neuroinflammation. Docking studies suggested that
lacidipine binds effectively to the glutamate receptor. These
results indicate that lacidipine may be a promising candidate for
treating neurodegenerative conditions like HD.
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