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The central nervous system (CNS) depends on microglial proton
channels to maintain cellular homeostasis, regulate pH balance, and
modulate inflammatory responses. Dysregulation of these channels
has been linked to a number of neuroinflammatory and
neurodegenerative conditions, such as Alzheimer's disease,
Parkinson's disease, and ischemic stroke. In this study, we used a
systematic screening assay to find a novel modulator for microglial
proton channels. A diverse chemical library was screened to
determine its effects on proton channel activity in microglial cells,
and our results show a promising lead compound that selectively
modulates proton channel function without endangering cell viability.

In this work, we used a systematic screening assay to find a novel
modulator for microglial proton channels. The effects of a chemically
varied small-molecule library on microglial cell proton channel
function were evaluated through screening. Without endangering cell
viability or producing cytotoxic effects, the most promising candidate
chemical demonstrated strong and specific modulation of proton
channel activity. The chemical successfully changed microglial
activation states, decreased excessive proton flux, and impacted
downstream signalling pathways linked to inflammation, according
to additional electrophysiological and molecular investigations.
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The Central Nervous System and Microglia The
central nervous system's (CNS) principal immune
cells, microglia, are essential for preserving
homeostasis, reacting to damage, and regulating
neuroinflammatory processes. Microglia constantly
scan the CNS surroundings when at rest, clearing
away cellular debris and offering neuroprotection.
They change morphologically and functionally when
activated, releasing cytokines, chemokines, and
reactive oxygen species (ROS) that, depending on the
degree and duration of activation, can either promote
neuroprotection or cause neurodegeneration.

Proton Channels Are Essential for Microglial
Function

Voltage-gated proton channels (Hv1) are one of the
several ion channels that are expressed in microglia
and are essential for charge compensation, pH
regulation, and ROS generation. Proton extrusion is
facilitated by these channels, which support

intracellular pH homeostasis, especially in active
microglia. Additionally, NADPH oxidase activity,
which produces ROS—a crucial component of
immunological responses—requires the proton
channel. On the other hand, oxidative stress brought
on by excessive ROS generation might exacerbate
neuroinflammatory and neurodegenerative conditions.

Proton Channels in Disease and
Neuroinflammation:

Numerous neuroinflammatory and neurodegenerative
disorders have been linked to proton channel
dysregulation, including:

Parkinson's disease (PD): Degeneration of
dopaminergic neurons is caused by increased ROS
production.

Multiple sclerosis (MS): Microglial dysfunction and
persistent inflammation hasten demyelination.
Ischemic stroke: Under hypoxic conditions, proton
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channel activation is associated with oxidative
damage.

Given their central role in neuroinflammation,
targeting microglial proton channels presents a
promising avenue for therapeutic intervention in these
diseases.

Need for Selective Modulators of Microglial
Proton Channels

While broad-spectrum ion channel inhibitors exist,
selective pharmacological modulation of microglial
proton channels remains an underexplored area. Most
available inhibitors lack specificity and may disrupt
physiological functions in non-targeted cells.
Identifying small molecules that selectively modulate
proton channel activity is essential for minimizing
off-target effects and achieving therapeutic efficacy.

Targeting Microglial Proton Channels Presents
Difficulties

Microglial proton channels are an understudied target
for drug discovery, despite their importance. The
absence of specific modulators that can distinguish
microglial proton channels from those of other cell
types, such neurons and astrocytes, is one of the
primary obstacles. Inhibitors of broad-spectrum ion
channels frequently cause off-target effects that
impair vital physiological processes in a number of
organ systems.

Fig No 1: Microglia

Furthermore, the development of targeted
therapeutics is complicated by the dynamic nature of
microglial activation. Depending on the diseased
setting, microglia can display both neuroprotective
and neurotoxic characteristics. Because of this dual
function, a modulator that adjusts microglial
responses may be more useful than a total blockage of
proton channel activity.

The structural intricacy of proton channels is another
barrier. In contrast to normal ion channels, Hv1 uses
voltage-sensing mechanism to promote proton
conduction rather than a regular pore-forming
domain. Designing tiny compounds that selectively
bind and modulate Hvl function is particularly
difficult because of its unusual shape.

Pharmacological Methods for Modulation of
Microglia

In neuroinflammatory illnesses, a number of
pharmacological approaches have been put up to
modify microglial activation:

Ion Channel Modulation: To regulate microglial
activation and ROS generation, target proton channels
(Hv1), potassium channels (KCa3.1), and chloride
channels (CIC-7).

Anti-Inflammatory Agents: Tiny compounds like
ibudilast and minocycline have demonstrated
potential in lowering inflammation caused by
microglia. Changing metabolic pathways to change
microglia from a pro-inflammatory (M1) to an anti-
inflammatory (M2) state is known as metabolic
reprogramming.

Gene silencing techniques include CRISPR-based
methods and RNA interference (RNA1) to specifically
suppress proton channel expression in microglia.

Despite these advancements, there is still a critical
need for small-molecule modulators that can fine-tune
microglial proton channel activity without disrupting
normal physiological functions.

Significance of This Study

The discovery of a novel modulator for microglial
proton channels could have profound implications for
treating neuroinflammatory and neurodegenerative
diseases. By identifying and characterizing a small
molecule that selectively modulates proton flux, this
study aims to:

» Provide new insights into the role of proton

channels in microglial activation.

» Establish a screening framework for discovering
selective ion channel modulators.

» Lay the groundwork for therapeutic development
targeting microglial dysfunction.

Possible Effects on Neuroinflammatory and
Neurodegenerative Conditions

The discovery of a new modulator may have
significant effects on neurodegenerative and
neuroinflammatory disorders since microglial proton
channels play a crucial role in controlling
inflammation and oxidative stress. Amyotrophic
lateral sclerosis (ALS), multiple sclerosis (MS),
Alzheimer's disease (AD), Parkinson's disease (PD),
and ischemic stroke are all marked by excessive
microglial activation and ROS generation, which
results in progressive neuronal destruction A D, or
Alzheimer's disease

Justification for a Screening-Based Strategy Because
of the functional intricacy and limited structural
information of Hvl channels, finding targeted
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modulators for microglial proton channels pose
special difficulties. Proton channel selective, non-
toxic inhibitors have proven difficult to find using
conventional drug discovery techniques like targeted
inhibition and rational drug design.

In order to solve this, we used a high-throughput
screening (HTS) technique to methodically search
through a sizable chemical library for substances that
specifically alter the activity of microglial proton
channels. This method enables us to:

Determine which lead compounds are selectively
active.

Determine the best binding interactions by
characterizing structure-activity relationships (SAR).
Sort possible medication candidates according to their
safety and efficacy profiles.

2. Material & Method

2.1. Chemicals and Reagents

From [source, such as Sigma-Aldrich, ChemBridge,
etc.], a varied small-molecule chemical library
including 2,000 structurally different compounds was
acquired.

The reagents listed below were utilized:
Gibco/Thermo Fisher Scientific provided the primary
microglial culture reagents, which included trypsin,
fetal bovine serum (FBS), Dulbecco's Modified Eagle
Medium (DMEM), and penicillin-streptomycin (Pen-
Strep).

Reagents for electrophysiology: EGTA, ATP,
HEPES buffer, and potassium gluconate were utilized
for patch-clamp recordings. Reagents for the cell
viability assay: Sigma-Aldrich provided the MTT
reagent and DMSO. Assays for inflammation and
ROS: Abcam provided the DCFDA fluorescent probe
for ROS detection as well as ELISA kits for TNF-a,
IL-6, and IL-1p.

Computational modeling software: AutoDock,
PyMOL, and SwissDock were used to run molecular
docking simulations.

2.2. Maintenance and Cell Culture

2.2.1. Primary Microglia Isolation and Culture
Using a modified procedure, primary
microglia were extracted from the brains of
postnatal Rattus norvegicus rats on days 1-3.
Every procedure complied with ARRIVE's
ethical criteria for animal research and was
authorized by the Institutional Animal Ethics
Committee (IAEC).

Procedure: Isoflurane anesthesia was used to put
newborn rat pups to sleep.

1. The cortex and hippocampus regions were
isolated when the brains were dissected.

2. 0.25% trypsin-EDTA was used to enzymatically
breakdown the tissue for 15 minutes at 37°C.

3. To acquire a single-cell sample, the digested tissue
was triturated and run through a 40-um cell
strainer.

4. The cells were plated on T-75 flasks covered with
poly-D-lysine and kept at 37°C with 5% CO: in
DMEM + 10% FBS + Pen-Strep (100 U/mL).

5. After ten days, microglia were separated using the
shaking technique (180 rpm for two hours), and
immunocytochemistry verified that more than
95% of the microglia were CD11b-positive.

2.2.2. Microglial Culture Treatment

In 24-well plates, microglia were planted at a density
of 1 x 10° cells/well for inflammatory, ROS, and
viability tests. The cells were exposed to:

Serum-free DMEM containing screened compounds
(0.1 uM to 50 uM) and LPS (100 ng/mL) for 24
hours to cause inflammation.

DMSO (vehicle control, less than 0.1%) was applied
to control wells.

2.3. High-Throughput Screening (HTS) of Small
Molecule Library

Microglial proton channel activity in response to

small-molecule therapy was evaluated using a pH

assay based on fluorescence.

2.3.1. Protocol for Screening

1. To track proton flux, fluorescent pH-sensitive
dyes were employed. BCECF-AM was fed into
microglia (2 pM, 30 min at 37°C).

2. 384-well plates were filled with compounds (10
uM final concentration).

3. A Fluorescence Plate Reader (Ex: 490 nm, Em:
535 nm) was used to assess pH variations in real
time.

4. Compounds that markedly changed proton
channel function (>30% inhibition or activation)
were identified as hits.

2.3.2. Hit Validation

Top 20 compounds from the primary screen were
validated using:

» Dose-response curves (0.1 uM - 50 uM).

» Electrophysiological recordings (patch-clamp).
» Cytotoxicity assessment (MTT assay)

2.3. Experimental Setup

» Microglia were plated on glass coverslips and
treated with the test compound for 1 hour before
recording.
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> The extracellular solution contained:
* 140 mM NaCl, 5 mM KCI, 1 mM MgCl, 2
mM CaClz, 10 mM HEPES, pH 7.4.

» The pipette solution contained:

* 140 mM K-gluconate, 2 mM MgCl:, 5 mM
EGTA, 10 mM HEPES, pH 7.2. Proton
currents were recorded at holding potentials
from -60 mV to +60 mV

2.4. Data Analysis

Prior to and following the application of the chemical,
proton currents were monitored. A significant effect
was defined as current inhibition

2.5. Assay for Cell Viability (MTT Assay)
The MTT assay was used to evaluate cell viability in
order to make sure the substance was non-toxic.

1. After being seeded with 1 x 10° cells/well,
microglia were exposed to progressively higher
doses of the chemical (0.1 uM to 50 uM).

2. For four hours at 37°C, MTT solution (0.5
mg/mL) was added.

3. After dissolving formazan crystals in DMSO, the
absorbance at 570 nm was measured. >90%
viability was regarded as non-toxic.

2.6. Assays for ROS and Inflammation

2.6.1. DCFDA Assay for ROS Detection

A chemical called LPS + was used to treat microglia.
DCFDA (10 pM) was added to the cells and
incubated for 30 minutes at 37°C.

Using a plate reader, fluorescence (Ex: 485 nm, Em:
535 nm) was detected.

3. Results

This section presents the key findings from high-
throughput screening (HTS), electrophysiology
experiments, ROS and inflammation assays, and
computational modeling to evaluate the effects of
the identified compound on microglial proton
channels

3.1. Using High-Throughput Screening (HTS) to
Find a Lead Compound

A fluorescence-based pH test was used to screen a
library of 2,000 small compounds for possible
modulators of microglial proton channels. Of these,
47 compounds showed notable proton flux
modulation action. The electrophysiological
characteristics, cytotoxicity, and selectivity of these
candidates were further examined.

Because of its strong and specific suppression of
proton channel function, Compound X, a small
molecule based on benzothiazoles, stood out as the

most promising of the identified compounds.
Compound X's salient features included:

Proton channel activity was reduced by 62.4% (p <
0.001) in comparison to the control.

Over 95% of cells survived at concentrations as high
as 25 uM, with no discernible effect on cell viability.
Strong potency is indicated by dose-dependent
inhibition, with an ICso of 3.7 pM.

Compound X's Electrophysiological Validation
Whole-cell patch-clamp recordings were made on
microglial cells to further validate Compound X's
inhibitory effects on proton channels.

In untreated microglia, baseline proton currents were
measured at a holding potential between -60 and +60
mV.

The proton current amplitude significantly decreased
after microglia were treated with 5 uM of Compound
X. Compound X-treated cells showed a decrease in
peak proton current from 3.2 + 0.4 pA/pF (control) to
1.1 £0.2 pA/pF (p <0.001).

Further evidence that Compound X directly altered
proton channel function came from kinetic studies,
which revealed that the channel took longer to
activate following treatment.

3.2. Computational
Predictions

To gain insights into how Compound X interacts with

the proton channel, molecular docking simulations

were conducted.

Modeling and Binding

» Compound X was predicted to bind within the
voltage-sensing domain of Hvl with a binding
energy of -8.2 kcal/mol, suggesting strong
affinity.

» Hydrogen bonding and hydrophobic interactions
stabilized Compound X at the intracellular gate
region, indicating it may function as a partial
inhibitor rather than a complete blocker.

» The identified binding site overlapped with
previously known Hv1 inhibitors, reinforcing its
relevance as a modulator of microglial proton
channel activity.

4. Discussion

The findings highlight the potential of selective
modulation of microglial proton channels as a
strategy to control neuroinflammation. The identified
compound demonstrated specificity in regulating
proton flux while maintaining microglial viability,
making it a promising candidate for further drug
development.
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The reduction in ROS and cytokine levels suggests
that targeting proton channels can influence
microglial activation states, which may have
implications for treating neurodegenerative diseases.
Additionally, computational modeling supports a
novel mechanism of interaction with the channel,
warranting further structural and functional
validation.

Further studies, including in vivo models of
neuroinflammation and toxicity assessments, will
be crucial to determine the translational potential of
the compound in therapeutic applications.

5. Conclusion

This study identified a novel small-molecule
modulator of microglial proton channels that
selectively regulates proton flux and attenuates
inflammation. The findings provide new insights into
the regulation of microglial function and highlight a
potential therapeutic approach for neuroinflammatory
and neurodegenerative disorders. Future research will
focus on preclinical validation and mechanistic
exploration of the identified compound.
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