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Abstract

Transient receptor potential channel TRPCS is a critical calcium-permeable ion channel that plays an
important role in the pathogenesis of neurological disorders, anxiety, and depression, making it a valuable
target for drug discovery. In this study, computer-aided drug design (CADD) methods were employed to identify
novel TRPCS inhibitors.

First, a three-dimensional structural model of the TRPCS protein was obtained from the PDB database. Binding
site prediction was then used to locate the putative drug-binding pockets. Using SML-13, a previously identified
TRPCS inhibitor from our research group, as the lead compound, we performed precise molecular docking of
SML-13 with the crystal structure of TRPCS5 (PDB: 7D4Q) using Schrédinger software. Analysis of the binding
mode rThe evealed that the central pyrimidine ring serves as the key scaffold for maintaining activity, forming
stable m-r stacking interactions with residues such as TRP577 and PHES576 in the binding pocket, thereby
providing an essential anchoring core for the molecule. The Inspirator module of SeeSAR was then employed
for pharmacophore-based replacement to optimize the structure, leading to the identification of compounds with
potential inhibitory activity. Through further structural modifications and structure—activity relationship (SAR)
studies, a series of novel TRPCS inhibitors were designed, and their stability and binding modes were analyzed
via molecular dynamics simulations. In vitro assays demonstrated that the designed compounds exhibited good
and stable inhibitory activity against TRPC5. Subsequent cytotoxicity and pharmacokinetic studies indicated
that the optimized compounds had low toxicity and favorable bioavailability.

This work successfully established a computer-aided design strategy for TRPCS inhibitors, which is of great
significance for the development of new drugs for related neuropsychiatric disorders and also provides novel
ideas and methods for ion channel-targeted drug discovery.
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I.  Introduction
1.1 TRPC5S

The TRPCS ion channel is widely distributed in tissues and organs including the central nervous
system, cardiovascular system, and urinary system, and its aberrant activation is closely associated with the
onset and progression of various diseases!!. Although ion channel-targeted drugs account for approximately 9%
of the global pharmaceutical market (with a market size of about 281 billion USD), highly selective inhibitors
against TRPCS5 remain scarce/?). Existing modulators generally suffer from poor selectivity and significant side
effects, which severely limit their clinical application!®]. TRPC5 plays a critical role in several major diseases: in
the central nervous system, its overactivation leads to neuronal death, synaptic dysfunction, and cognitive
decline. The number of Alzheimer's disease patients worldwide is projected to increase from approximately 47
million in 2024 to 131 million by 2025, while the number of Parkinson's disease patients rose from 8.9 million
in 2019 to over 10 million in 2023. In the kidney, aberrant expression of TRPCS is associated with chronic
kidney disease, which affects more than 850 million people globally™!. Furthermore, TRPC5 dysfunction is also
linked to obesity, maladaptive behaviour, and postpartum depression!®!.

TRPCS5 belongs to the canonical subfamily of transient receptor potential (TRP) channels and is the
fifth member of the TRPC family!®. Its structure exhibits typical TRP channel features: a tetramer assembled
from six transmembrane helices (S1-S6), an N-terminal ankyrin repeat domain, and a C-terminal TRP domain
essential for channel assembly and function!”]. Unlike other TRPC members, TRPC5 and TRPC4 are
insensitive to diacylglycerol (DAG). Instead, they are activated via the Gq/11-PLC pathway: hydrolysis of PIP»
generates [Ps, which activates IPs receptors and triggers Ca*" release from intracellular stores, elevating
cytosolic Ca?" concentration and thereby opening the channel. In addition, extracellular di- or trivalent cations
(e.g., La**, Gd*") can enhance channel activity by coordinating with Glu543 and Glu595®! (Figure 1). Recent
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studies have also shown that the adaptor protein NHERF interacts with the C-terminus of TRPCS5 via its PDZ
domain, modulating the channel's sensitivity to DAG.!Y
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Figure 1 Schematic diagram of the primary interactions between the TRPCS channel and signaling proteins in a
cellular context

In structural biology, a high-resolution cryo-EM structure of TRPCS was resolved in 2019, and by
2025 the PDB database had deposited 25 distinct conformations (22 human, 3 murine)!!. The TRPC5 subunit
contains a voltage-sensor-like domain formed by S1-S4, a pore domain between S5 and S6, and a cytoplasmic
region with four ankyrin repeats and a helix-loop-helix domain at the N-terminus, as well as a connecting helix
and a coiled-coil domain together with an intrinsically disordered region at the C-terminus, the latter being
involved in channel localisation and protein-protein interactions!!'?. From a drug design perspective, multiple
potential drug-binding sites exist on the TRPCS channel (transmembrane, intracellular, and extracellular).

Among these, the binding sites of CMZ (Figure 2) and HC-070 (Figure 3) have been shown to be important for
inhibitor development!'3,
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Figure 2 Binding of the inhibitor CMZ (ICso = 3.03 pM) to TRPCS5

WWW.ijres.org 87 | Page



Computer-Aided Design of Novel TRPC5 Inhibitors

LIPRX \
a E Pore ‘)
> . hel 3
oL % € )gs';‘ N
K 2 o
-)i q'{’ o ;«v 3=
Pion > oy
AN HC-070
HC-070 - ) (. S
ez 9

Normalized RFU (%WT)

F569 Pore Rss;)‘
) o557 '® 3 helix Fs69
£ r ¥ helix =\ Ag02
6 . o 0573 8705 Latsos
599 180% %
! Y72 2 )
gsox - &S P T / r-( W, 8
) Vs »
X ss 55 i
A 1528 1528

-t
g/ P76 Teal:

cs25
)

525
~

WT  IC,=2043nM
C525A IC,,=1458nM
RSS7A IC,,=329.7 M
FS69A IC,,=727.4nM

+ L572A IC, =552.7nM

J T T T T
20 10 15 20 25
Log[HC-070] nM

Figure 3 Binding of the inhibitor HC-070 (ICso = 3.03 pM) to TRPCS

Regarding function and pathology, under normal physiological conditions TRPCS5 maintains neuronal
excitability, synaptic plasticity, and dendritic spine stability; its dysfunction impairs learning and memory 4!,
In Alzheimer's disease, deposition of B-amyloid can activate TRPC5 and exacerbate neuronal injury'°l.
Overactivation, however, leads to calcium overload and activation of signalling pathways such as calcineurin,
triggering cytoskeletal remodelling, foot process effacement, and podocyte death, ultimately resulting in
proteinuria and chronic renal failure!'”). Moreover, TRPC5 is overexpressed in various malignant tumours
including prostate, breast, lung, and gastric cancers, promoting tumour cell proliferation, invasion, and

metastasis!!®). TRPCS5 inhibitors may therefore directly

suppress malignant progression and, in combination with

conventional chemotherapy, enhance efficacy while reducing toxicity.
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Figure 4 Mechanisms of Podocyte Injury and Associated Pharmacological Targets

In summary, TRPCS5 has emerged as a promising drug target for kidney diseases, neurological
disorders, and cancer. The development of potent and selective TRPCS inhibitors holds significant value for

basic research and clinical translation.
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1.2 Current Landscape of TRPCS Inhibitors

In recent years, TRPCS has emerged as a promising therapeutic target for kidney diseases, neurological
disorders, and tumor multidrug resistance. Structural analyses of TRPCS in complex with various inhibitors and
activators have been reported. Based on their chemical scaffolds, known TRPCS inhibitors fall into five
categories: benzimidazoles!'], quinolines®”, flavonols®?!, pyridazinones??, and xanthines>*! (Figure 5).
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Figure 5 Recently reported TRPCS5 inhibitors

Among these, ML204 was the first potent and selective small-molecule inhibitor of TRPC4/C5. It was
identified through high-throughput fluorescence calcium imaging screening of over 300,000 compounds using a
HEK?293 cell line co-expressing mouse TRPC4f and the p-opioid receptor. ML204 exhibits an ICso of
approximately 0.96 umol/L for TRPC4p. Multiple validation experiments confirmed that it directly acts on the
channel itself, with no appreciable inhibition of TRPC6, other TRP subfamily members, or voltage-gated ion
channels; at 10 umol/L it displays excellent selectivity. This work established an important methodological
reference for the screening and validation of ion channel inhibitors.

Building on this foundation, Yiming Zhou and colleagues aimed to develop more specific TRPCS5
inhibitors. Through systematic structural optimization and screening of more than 50 ML204 derivatives,
followed by electrophysiological assessment using patch-clamp techniques, they identified AC1903 as a highly
selective TRPCS inhibitor. AC1903 has an ICso of approximately 14.7 umol/L for TRPCS and does not
significantly inhibit TRPC4 or TRPC6. In two animal models of proteinuric kidney disease, AC1903 markedly
reduced proteinuria progression, decreased podocyte pseudocyst formation, and rescued podocyte loss, without
affecting blood pressure or causing overt toxicity. Its mechanism involves blocking reactive oxygen species
generation and cell death mediated by the Rac1-TRPCS5 signaling pathway in podocytes.

Another noteworthy class is the xanthine derivative HC-070. Its precursor, HC-608, was identified
through high-throughput screening but exhibited low brain uptake. Through systematic structure—activity
relationship studies, the research team optimized HC-608 to yield HC-070, which has an ICso as low as 9.3
nmol/L for TRPC5 and shows >400-fold selectivity over other channels. Although HC-070 demonstrated
excellent preclinical profiles, its highest stage of development reached only Phase I clinical trials (for anxiety
and depression), and it has not advanced to later-stage clinical testing.
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Natural products have also yielded TRPCS inhibitors. For example, from the flavonol class, AM12 was
derived from galangin isolated from Zingiberaceae plants. Structure—activity relationship studies revealed that
the hydroxyl substitution pattern on the flavonoid core and ortho-substitution on the phenyl ring are critical for
activity. The designed compound AM12 (ICso = 0.28 pmol/L) retains the flavonoid scaffold while incorporating
an ortho-bromine atom. It inhibits lanthanide-induced Ca?" influx in differentiated 3T3-L1 cells, but it also
inhibits TRPC4.

To date, no TRPCS inhibitor has been approved for clinical use, and most candidates remain at the
preclinical stage. Several key challenges hinder clinical translation. Selectivity optimization remains a central
difficulty: ML204 exhibits varying degrees of inhibition of TRPC4 and TRPC6, and although AC1903
substantially improves selectivity, systematic validation is still required to rule out off-target effects within the
same family. Most studies are limited to preclinical animal models, and clinical data are lacking; the safety,
pharmacokinetic properties, and long-term tolerability of candidate drugs in humans remain undefined. Natural
products such as AM12 show potent in vitro activity, but their in vivo efficacy and metabolic stability are poorly
characterized. Furthermore, compound optimization still relies heavily on traditional screening and modification
strategies with low efficiency. Leveraging structural biology and artificial intelligence to accelerate the
discovery of novel scaffolds and improve optimization efficiency represents a key direction for future
breakthroughs.

1.2 Computer-Aided Drug Design

Computer-aided drug design (CADD) encompasses a set of computational techniques for discovering,
developing, and analyzing drug molecules and bioactive compounds with similar physicochemical and
biochemical properties?. It includes homology modeling, molecular docking, virtual screening, quantitative
structure—activity relationship (QSAR) analysis, and 3D pharmacophore mapping. CADD is now widely used in
drug discovery, and numerous approved drugs have benefited from computational support (Figure 6).
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Figure 6 Classification of computer-aided drug design

CADD is broadly divided into structure-based drug design (SBDD) and ligand-based drug design
(LBDD)®%. SBDD relies on the three-dimensional structure of the target protein, obtained from X-ray
crystallography, NMR spectroscopy, or cryo-electron microscopy. It employs techniques such as molecular
docking to investigate receptor—ligand interactions, energetic complementarity, and spatial fit, thereby
identifying active compounds or predicting potential molecular structures through de novo design. LBDD, on
the other hand, is used when the target structure is unknown. It analyzes the two- or three-dimensional structures,
structure—activity relationships, and pharmacophore features of known active ligands to extract key
characteristics essential for biological activity®®l. Lead compounds are then discovered using methods such as
similarity searching, substructure searching, pharmacophore screening, and 3D-QSAR.

A classic success story of CADD is the development of captopril®?” (Figure 7), the first oral
angiotensin-converting enzyme (ACE) inhibitor. Researchers constructed a model of the ACE active site based
on the structure of the BPF peptide from the venom of the Brazilian pit viper (Bothrops jararaca), leading to the
design of a molecule with stable antihypertensive effects and long-term benefits.
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Figure 7 Structure of Captopril

Molecular docking is a core CADD technique used to predict the optimal binding mode and affinity of
a small-molecule ligand to a target protein®. The underlying principles draw on the lock-and-key and
induced-fit models, using computer simulations to assess geometric and energetic complementarity within the
active site. Docking strategies fall into three categories®”: rigid docking (no conformational change in the
system, suitable for large complexes such as protein—protein or protein—nucleic acid interactions), semi-flexible
docking (the ligand conformation is allowed to rotate within limits, commonly used for compound—protein
docking), and fully flexible docking (all conformations can change freely, providing high accuracy but at greater
computational cost)(Figure 8).

T

Figure 8 Binding mode of the compound to the protein

Pharmacophore replacement is a highly effective and mature molecular optimization strategy in CADD. It
replaces key structural fragments (functional groups, ring systems, or side chains) in a molecule to explore new
chemical space, improve physicochemical properties, and retain or enhance binding activity. Major strategies
includel":

(1) Scaffold hopping: replacing the core scaffold with different types of cores (e.g., heterocycles, spiro rings)
while preserving the spatial orientation of key pharmacophore features.

(2) Fragmen-based replacement: analyzing "empty regions" in the pharmacophore model and searching
databases for new fragments that maintain pharmacophore overlap but offer smaller molecular weight or higher
ligand efficiency.

(3) Receptor-guided replacement: when the target crystal structure is known, analyzing the properties of
residues in the binding pocket to replace ligand side chains with groups that introduce new interactions such as
salt bridges or n-x stacking.

(4) Shape-matched replacement: emphasizing the overall molecular shape and -electrostatic/volumetric
complementarity with the pharmacophore space, replacing a region with a group that occupies the same volume
but has a different chemical structure to maintain or enhance selectivity.

In practice, medicinal chemists often combine multiple strategies. For example, structure-based pharmacophore
mapping and molecular docking may first identify key residue interactions, followed by fragment shape
matching and functional group replacement to further optimize the compound. The integrated use of these
computational techniques has greatly improved the efficiency and success rate of drug discovery.
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II. Result

2.1 Lead compound analysis

SML-13 is a bioactive small molecule previously identified by our research group through a
pharmacophore model constructed from the cryo-EM structure of the TRPC5-HC-070 complex (PDB: 7D4Q),
followed by multi-step virtual screening. In vitro calcium flux assays demonstrated that SML-13 inhibits
TRPCS5 with an activity (ICso = 10.3 uM) comparable to that of the positive control AC1903. Compared with
HC-070, SML-13 features a simpler structure: a pyrimidine core that extends into two phenyl rings and an
ester-containing tail. The molecule possesses moderate backbone rigidity and a straightforward synthetic route.
Moreover, it retains high structural modifiability in distinct regions, facilitating strategies such as halogen
introduction, aliphatic chain extension, or incorporation of hydrogen-bond donors/acceptors to further enhance
binding affinity to TRPCS5 and improve subtype selectivity. On this basis, SML-13 was selected as the lead
molecule for systematic structure optimization and structure—activity relationship studies in the present work.
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Figure 9 Structure and ICso Value of SML-13
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To elucidate the binding mode of SML-13 with TRPCS5, we performed precise molecular docking using
the Schrdodinger suite (Glide module, extra precision) against the crystal structure of TRPCS (PDB: 7D4Q). The
docking results showed that SML-13 fits snugly into a hydrophobic binding cavity lined by 19 key residues,
including TRP577, PHES576, PHE599, GLN573, and ARG557. The central pyrimidine ring engages in a stable
n-1 stacking interaction with TRP577, while the carbonyl oxygen on the ring forms an additional hydrogen bond
with the indole NH of TRP577. Together, these interactions constitute the core anchoring framework that
underpins the inhibitory activity of SML-13. Further analysis of the hydrophobic/hydrophilic properties of the
binding cavity using Discovery Studio software indicated that the entire SML-13 molecule resides in a large
hydrophobic pocket, and the regions surrounding the pyrimidine-linked phenyl ring and the ester tail offer
considerable room for modification. This provides a clear structural rationale for subsequent region-based
optimization (Figure 10).
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Figure 10 2D interaction mode of SML-13

2.2 Design of SML-13 Derivatives

Based on the interaction analysis of the lead compound SML-13, we divided SML-13 into three
modifiable regions: Region I (the left-side phenyl ring and heterocyclic replacement region), Region II (the
aliphatic chain region connecting the ester group), and Region III (the right-side phenyl ring and tail region).
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These three regions reside in distinct microenvironments within the binding cavity. Region I lies in a relatively
narrow hydrophobic groove and is sensitive to the bulk of substituents. Region II consists of an aliphatic chain
that extends deep into the cavity; the degree of complementarity between its length and the cavity may
significantly influence binding stability. Region III is a flexible linkage, where adjustments to the connection
mode and introduction of polar groups can be explored to establish new interactions. In this study, we focused
on these three regions and employed a pharmacophore replacement strategy (using the Inspirator module of
SeeSAR). While retaining the central pyrimidine scaffold and its key interaction with TRP577, we performed
systematic scaffold hopping, chain length adjustment, and introduction of polar groups on the substituents in
each region, aiming to obtain novel TRPCS inhibitors with higher binding affinity and improved selectivity. The
above molecular docking and cavity analysis provide clear direction for subsequent structure optimization and a
reliable structural basis for pharmacophore replacement-based drug design (Figure 11).
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Figure 11 Three modifiable regions of SML-13
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2.4 Identification of Hit Compounds

Based on the above strategy, we performed modifications on each of the three regions using computer-aided
drug design. Through visual inspection of the docking poses, we identified compounds with potential activity,
which were subsequently synthesized and subjected to preliminary activity screening (Figure 12). exhibited
higher inhibitory activity than the lead compound across the concentration range of 25 pM to 100 uM.
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Figure 13 Primary screening inhibitory activity of CZ-25 and CZ-26

Table 1 Primary screening inhibitory activity of CZ-4. CZ-11. CZ-25. CZ-26
Fluorescence intensity
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II1. Discussion

The modification results for Region I indicate that the binding cavity in this region is relatively narrow
and highly sensitive to the volume of substituents. Although CZ-4 formed a hydrogen bond with the key residue
THR603 via the amino group on its five-membered heterocycle and showed moderate activity at 25 pM, its
inhibitory activity was lower than that of the positive compound SML-13 at concentrations ranging from 50 pM
to 100 uM. Overall, most derivatives exhibited poor inhibitory activity, confirming the limited scope for
modification in this region.

Modifications in Region II yielded a notable breakthrough in enhancing the inhibitory activity of the
compounds. By adjusting the length of the aliphatic chain, we found that the degree of complementarity
between the chain length and the binding cavity significantly influences inhibitory activity. CZ-25 exhibited
superior inhibitory activity to SML-13 across the concentration range of 25—-100 pM. Molecular docking results
indicated that an appropriately extended aliphatic chain penetrates deeper into the hydrophobic cavity,
enhancing hydrophobic interactions. Meanwhile, the amino group on the pyrimidine ring or the phenyl ring
formed hydrogen bonds and n-m stacking with key residues, synergistically improving binding affinity. In
contrast, excessive chain length (CZ-26) led to a decrease in activity, further confirming that cavity
complementarity is a key determinant of activity.

The modifications in Region III focused on balancing flexibility and rigidity in the linking moiety.
Early designs, such as replacing the phenyl ring with a three-membered ring, resulted in a complete loss of
activity due to excessive rigidity and insufficient volume. Although introducing a cyano group linked via a
flexible methylene spacer (CZ-20) led to some improvement, the activity remained lower than that of the lead
compound SML-13. Therefore, the original phenyl ring attached through a methylene linker was retained in this
region.

Iv. Methods

4.1 Protein preparation

Prior to molecular docking, the protein receptor and small-molecule ligands were first preprocessed.
The crystal structure of the TRPCS protein (PDB ID: 7D4Q) was downloaded from the PDB database and
imported into the Protein Preparation Wizard module of Schrodinger. The following steps were performed
sequentially: addition of missing hydrogen atoms, calculation of the protonation states of ionizable residues at
physiological pH using the PROPKA algorithm, side-chain optimization (with particular attention to residues
near the binding pocket), and removal of unnecessary water molecules and metal ions. Finally, the complex was
subjected to restrained energy minimization using the OPLS3e force field to optimize the energy while
preserving the overall backbone conformation. The docking grid was generated centered on the coordinates of
the original ligand SML-13, with a box size of 10-20 A to encompass the key binding residues.

4.2 Ligand preparation

The processing of the small-molecule ligand SML-13 was carried out using the LigPrep module. Its
two-dimensional structure or SDF file was imported, and the Epik module was invoked to predict protonation
states and ionization forms within a pH range of 7.0 + 2.0. Energy minimization was performed using the
OPLS3e force field, and possible stereoisomers and tautomers were automatically generated. Finally, a
canonical three-dimensional structure file was output.

4.3 Protein docking

Molecular docking was performed using the Glide module with the extra precision (XP) mode. Given
the limited number of ligands to be docked and the need for high-accuracy binding poses, the standard precision
(SP) mode was bypassed. After docking, the Ligand Interaction module was used to visualize and analyze
interactions between the ligand and the protein, including hydrogen bonds, n-m stacking, and hydrophobic
contacts.

4.4 Pharmacophore replacement

Pharmacophore replacement was performed using the Inspirator module of SeeSAR. The structure of
SML-13 was imported, and the replacement range (1.5-2.5 A) was defined via the "Define New Constraints"
function. Pharmacophoric constraints (e.g., aromatic rings, aliphatic chains) were then applied. Core
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replacement was carried out using the built-in structural database to screen for new fragments that satisfied the
constraints, generating candidate compounds. Finally, visual inspection was performed to select molecules
suitable for organic synthesis.

V. Conclusion

In this study, we implemented a computer-aided drug design (CADD) strategy to discover and optimize
novel TRPCS inhibitors, a class of compounds with potential therapeutic value for kidney diseases, neurological
disorders, and other TRPCS5-related pathologies. Using the crystal structure of TRPC5 (PDB: 7D4Q) and the
lead compound SML-13 as a starting point, we performed structure-based molecular docking to identify the
essential pharmacophore (the central pyrimidine ring) and divided the molecule into three modifiable regions.
Guided by this analysis, we employed pharmacophore replacement using the SeeSAR Inspirator module to
systematically explore chemical space, leading to the design and synthesis of a focused set of derivatives.

The biological evaluation of these derivatives, using fluorescence calcium flux assays and cell viability
counter-screens, revealed clear structure—activity relationships that validated our CADD approach. For Region I,
which resides in a narrow hydrophobic groove, the derivative CZ-4 (containing a five-membered heterocycle
with an amino group) formed a hydrogen bond with THR603 and showed moderate activity at 25 uM. However,
at higher concentrations (50—100 uM), its inhibitory activity fell below that of the lead compound SML-13, and
most other derivatives in this region were inactive. These results confirm that Region I is highly sensitive to
substituent volume and offers limited modification space, consistent with our docking-based prediction.

In contrast, modifications in Region II, which consists of an aliphatic chain extending into a
hydrophobic cavity, yielded a notable breakthrough. Derivative CZ-25, bearing an optimized chain length,
exhibited superior inhibitory activity to SML-13 across the full concentration range of 25—-100 uM. Molecular
docking suggested that the appropriately extended aliphatic chain achieves better cavity complementarity,
enhancing hydrophobic contacts while allowing the pyrimidine ring and phenyl group to maintain key n-m
stacking and hydrogen bonds with residues such as TRP577 and PHES576. Conversely, excessive chain
elongation (as in CZ-26) led to a marked decrease in activity, further underscoring that precise chain-to-cavity
matching is a critical determinant of potency.

For Region III, early attempts to replace the phenyl ring with more rigid or smaller groups resulted in
loss of activity. Although the introduction of a flexible cyano-containing linker provided some improvement, the
activity remained lower than that of SML-13. The data from CZ-11 (a derivative with a methylene-linked
phenyl group) indicated only modest activity, reinforcing the importance of retaining an optimal balance
between flexibility and steric bulk in this region.

Overall, the CADD-driven design and systematic evaluation of these derivatives demonstrate that
pharmacophore-based replacement, guided by high-resolution docking and cavity analysis, is an effective
strategy for optimizing TRPCS5 inhibitors. The success with CZ-25—achieving consistently higher activity than
the original lead—validates the importance of fine-tuning aliphatic chain length to match the hydrophobic
pocket. At the same time, the limited success in Regions I and III highlights the challenges posed by sterically
constrained or poorly defined binding sub-pockets, which require more sophisticated optimization strategies in
the future.

In summary, this work provides a practical CADD framework for the rational design of TRPCS
inhibitors, delivering a promising optimized derivative (CZ-25) with improved potency and a clear structure—
activity rationale. The findings also underscore the value of combining computational predictions with empirical
validation. Future efforts should focus on further improving selectivity over closely related TRPC channels (e.g.,
TRPC4 and TRPC6) and evaluating the in vivo efficacy of CZ-25 and its analogs in animal models of
TRPC5-mediated diseases.
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