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A tool compound is a reagent that is a selective small-molecule modulator of a protein’s activity. It
enables researchers to investigate the mechanistic and phenotypic aspects of the molecular target
through various experimental approaches, such as biochemical analyses, cell-based assays, or animal
investigations. The field of life science research stands to gain significant advantages from the develop-
ment of research tools that are both more accessible and aesthetically engaging, thereby facilitating the
process of hypothesis formation. Target identification and efficacy prediction require novel method-
ologies due to the declining frequency of new medication approvals and the rising expense of drug devel-
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hensive compilation of tool chemicals and also discusses the collection of currently available tool chemi-
cals and highlights limitations in our capacity to target specific biochemical processes through pharmaco-
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1. Introduction

The process of finding new drugs is a drawn-out, very complex
one that requires significant financial resources and a poor
success rate. The efficiency of chemical compound synthesis
has recently increased in chemistry, enabling chemical
libraries to generate and store vast amounts of diverse data.
The number of effectively-identified molecular medications
has not increased considerably over time despite tremendous
progress being made in identifying key compounds with
efficacy therapeutically against targets and pathways through
high-throughput  screening  of  diverse = molecules.
Pharmaceutical companies prioritize research based on several
factors, including unmet medical needs, potential patient
populations that a new product may treat, ways to differentiate
the latest product from competitors, price points that a new
product would command in various markets (mainly devel-
oped nations), the amount of money needed to bring the
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product to market, and advertising expenses. In recent years,
for bringing new products to market, the pharmaceutical
industry experiences increase in time and costs. Also factors
like complex regulatory processes, high development costs and
increased examination from regulatory agencies has led to
reduction in approval for new drugs.”

However the pharmaceutical companies face significant
challenges. We can address these issues by leveraging natural
products and advanced technologies. More than one hundred
novel products, mostly anti-infectives and anti-cancer medi-
cines, are in clinical development. Novel compounds quickly
produced in bacteria or yeasts are becoming more accessible
using molecular biological techniques. The development of
molecular biology techniques, along with combinatorial chem-
istry approaches, has enabled the researchers to create and
access a wide range of natural products more effectively.
Furthermore, by incorporating these natural ingredients into
drug discovery efforts, there is a way to accelerate the identifi-
cation of novel therapies. Databases containing natural
product information are also subjected to data mining and
virtual screening techniques. It is envisaged that using natural
ingredients more effectively and efficiently can enhance the
drug discovery process.” Research on small molecules has
made significant strides in the field of biological sciences.
These substances are useful for examining biological processes
because of their strength, cell activity, and selectivity. These
compounds need to be properly described and known to
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researchers to be of any utility, thereby offering more cost-
effective and targeted solutions to overcome the barriers of tra-
ditional drug discovery, which has been hindered by inefficien-
cies in chemical synthesis and a poor success rate in bringing
products to market.”*

The pharmaceutical business faces an ever-increasing
financial burden for each product brought to market due to
regulatory authorities’ growing requirements in production,
safety, and efficacy for product development generally.> The
most effective source of leads for drug discovery has been
natural ingredients alone. More than one hundred novel pro-
ducts, mostly anti-infectives and anti-cancer medicines, are in
clinical development. Novel compounds quickly produced in
bacteria or yeasts are becoming more accessible using mole-
cular biological techniques. Combinatorial chemistry
approaches are also based on natural product scaffolds to
create screening libraries resembling drug-like compounds.
Various screening strategies are being developed to make
using natural products in drug discovery campaigns easier.
Databases containing natural product information are also
subjected to data mining and virtual screening techniques. It
is envisaged that using natural ingredients more effectively
and efficiently can enhance the drug discovery process.’
Research on small molecules has made significant strides in
the field of biological sciences. These substances are useful for
examining biological processes because of their strength, cell
activity, and selectivity. These compounds need to be properly
described and known to researchers to be of any utility.*

Drug development did not require knowledge of the mole-
cular identity of the drug target during much of the 20th
century, as it was dependent on observation of the pharmaco-
logical effects of compounds. On the other hand, the current
approach usually begins with identifying putative targets
involved in the illness process. The roughly 500 possible thera-
peutic targets that existed in 1996 have significantly risen with
the completion of the Human Genome Project.

Small compounds that resemble drugs have therapeutic uses
and make excellent reagents for life science research. One of the
main reasons small molecules are wonderful research tools is
that they are simple to work with and usually require little optim-
ization when doing experiments. A molecule’s usefulness as a
research catalyst depends on its bioactivity and selectivity;
additionally, it must cause a strong, targeted cell reaction. The
induced phenotype will not always be connected to a particular
biological target if a molecule is promiscuous or generically reac-
tive, and the conclusions drawn will be erroneous.” Chemical
probes, also known as small molecule tool compounds, are excel-
lent research instruments that exhibit strong, focused, and tar-
geted biological effects. Our knowledge of the molecular target
of the rapamycin (mTOR) signaling pathway and the epigenetic
regulation of gene expression has been revolutionized by some
chemical probes, including JQ-1 and rapamycin, respectively.®

JQ-1, a therapeutic thienotriazolodiazepine-based molecule,
shows strong binding affinity and selectively inhibits the BRD4
(a protein that binds to acetylated lysine pocket and is a part
of bromodomain and extra terminal - BET family) and is
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widely used in cancer therapy. JQ-1 exhibits chemotherapeutic
activity against NUT midline carcinoma (NMC), myeloid leuke-
mia, lymphoblastic leukemia, multiple myeloma, solid
tumors, lung adenocarcinoma, neuroblastoma and medullo-
blastoma. JQ-1 shows unique property by binding to BRD4
without inhibiting its bromodomain activity; instead, it leads
to the downregulation of genes associated with cancer by dis-
placing BRD4 from chromatin.”

Rapamycin, a bacterially derived natural product, has a
remarkable history as a legitimate medication with established
or proven clinical effects in a range of disease settings, as well
as a chemical probe for studies of cell growth control-related
pathways. It is a potent antifungal and immunosuppressive
agent and studies reveal that rapamycin binds to FK506
binding protein 12, and the formed complex inhibits mTOR
which in turn reduces phosphorylation of proteins, cell cycle
progression and cytokine production.®

The literature contains a plethora of knowledge about the
actions of small molecules and biotherapeutics, and having
access to this knowledge can help with many kinds of drug
discovery analysis and decision-making. To select compounds
that are potentially active against a new target, for instance,
one could choose tool compounds for probing targets or path-
ways of interest, identify potential off-target activities of com-
pounds that could raise safety concerns, explain current side
effects, or suggest new uses for old compounds. Another
option would be to analyze structure-activity relationships
(SAR) for a compound series of interest, evaluate the properties
of absorption, distribution, metabolism, excretion, and toxicity
(ADMET) in vivo, or create predictive models. Due to the
ongoing shift in basic research on disease mechanisms from
the commercial to public sectors, access to this information is
particularly crucial.” Phenotypic screening is a popular
method for finding targets and leads and linking route regu-
lation to chemistry. Although it has demonstrated its worth in
identifying more than half of small-molecule novel molecular
entities, it poses a difficulty in terms of target identification
after hits are found. Individual small molecules or planned
sets of molecules with well-understood molecular orbitals
(MO) can be employed as chemical probes to monitor the phe-
notypic effect of target modulation, hence facilitating phenoty-
pic drug discovery and systematic target validation. A high-
quality tool compound can also be extremely important as a
positive control molecule for assay development, such as
signal-to-noise optimization, or to support preclinical in vivo
target validation in a drug discovery project.*®

Phenotypic tool compounds should meet the following
requirements: (a) they should be potent and selective on target
in both cell-free and cell-based assays; (b) they should be
exposed at the site of action or cell permeability; (c) they should
have proven utility as a probe, ie., phenotypic relevance via a
demonstrated proximal biomarker; and (d) they should be avail-
able. Large databases extract the information needed to choose
the best tool compound challenging." Tool Compounds
Relevant to Human Pathologies and mode of action has been
illustrated in Table 1.

RSC Pharm., 2025, 2, 480-489 | 481


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d4pm00331d

Open Access Article. Published on 21 March 2025. Downloaded on 1/18/2026 6:42:22 PM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

Review

View Article Online

RSC Pharmaceutics

Table 1 Tool compounds relevant to human pathologies and mode of action

S.
no. Description Name Associate diseases Mode of action Ref.
1 Anticancer Antitumoral phortress  Breast, ovarian and  Activates AhR signaling and causes induction of 48 and
renal cancer cytochrome P450 activity 49
2 Immunomodulation Tryptophan-based Cancer N-Formyl-i-kynurenine by indoleamine-2,3-dioxygenase 1 50
IDO1 inhibitors (IDO1) has tumor-mediated immune suppression
3 Antibacterial Inhibitors of ECF — Targeting the energy-coupling factor (ECF) transporters 51
transporters
Obesity and Targeting free fatty acid receptors, FFA1-4 in 52

metabolic disorders

Like any reagent used in experiments, small molecule tool
compounds (chemical reagents) must undergo quality control
(QC) before usage. Tool compounds are deemed valuable
solely if they possess high potency, exhibit established selecti-
vity, and have a well-documented mechanism of action (MOA).
The continued examination of the pharmacological properties
of tool compounds and the verification of their potential as a
therapeutic target are heavily reliant on the suitability and
caliber of the existing pharmacological probes or tool mole-
cules. Following a concise overview of the pharmacological
functions associated with tool compounds and a discussion
on the desirable properties of pharmacological tool com-
pounds, this article will examine and assess the specific com-
pounds that have been utilized or are presently being utilized
as tools to investigate the role of tool compounds in diverse
in vitro and in vivo contexts. A small-molecule tool compound
must satisfy some criteria to be deemed suitable for support-
ing Target Validation (Fig. 1).

hypothalamus

A. Efficacy: A tool compound should possess adequate
efficacy to facilitate the empirical examination of the experi-
mental hypothesis. Its potency should be determined by at
least two orthogonal methodologies, such as biochemical tests
and surface plasmon resonance (SPR).

B. Selectivity: The selectivity for the target of interest can be
assessed by conducting screenings against closely related
target family members and utilizing wide pharmacology
panels, such as those provided by Eurofins, DiscoveRx, and
CEREP. It is imperative to conduct off-target screening at a
concentration consistent with that employed in the Target
Validation trials. Assessing the degree of selectivity poses a sig-
nificant challenge in classifying chemical probes. There is a
continuous discovery of novel targets for well-established
medications, and most bioactive compounds probably have a
binding solid affinity to several targets. The coordinates rep-
resent a specific point on a two-dimensional plane.'® The sti-
pulation of chemical probes needing a selectivity of greater
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Fig. 1 Tools and compounds applications. A small-molecule tool compound satisfies the criteria such as efficacy, selectivity, target engagement.
The study exhibits indications of target engagement within cellular systems, such as using Cellular Thermal Shift Assay (CETSA), target validation and
defined involvement in biological, cellular and signaling pathways suitable for supporting target validation.
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than 30-fold versus alternative targets can be perceived as a
potential disadvantage for compounds that have undergone
extensive testing across multiple proteins. However, this stipu-
lation effectively eliminates promiscuous chemicals and
enhances the reliability of linking a phenotype to the regu-
lation of a specific target. Using more advanced metrics for
assessing selectivity will enhance the discernment of valuable
chemical research instruments.™?

C. Target Engagement: The study exhibits indications of
target engagement within cellular systems, such as using
Cellular Thermal Shift Assay (CETSA).

D. Target Validation: The compound half-maximal inhibi-
tory concentration (IC50) or half-maximal effective concen-
tration (EC50) is employed in Target Validation tests at a con-
centration deemed suitable for its at the specific target under
investigation. In the experimental design, an inactive control
chemical, a structurally related compound that exhibits inac-
tivity at the target, was included. The purity and structural
integrity of the compound batch are assessed.

E. Defined Involvement in Biological,
Signaling Pathways: Demonstrates empirical support for the
occurrence of biochemical consequences farther along the bio-
logical pathway resulting from adjusting its specific target.

The challenges faced in pharmacology pushes the bound-
aries of current technologies, demanding for holistic solutions
grounded with artificial intelligence (AI), synthetic biology and
personalized therapies. By addressing these challenges, the
future pharmacology ensures that these innovations are sus-
tainable and are available to diverse populations at an afford-
able rate. By 2050, gold standards for using tool compounds in
pharmacology will be sophisticated, data driven and highly
patient-centric across various stages of drug designing, devel-
opment, drug response and in accelerating novel treatments.
These standards will leverage the integration of AI, machine
learning (ML), quantum computing and personalized medi-
cine. The use of advanced tools ensures safety, reliability,
efficacy and accuracy of new therapies.

Cellular and

2. Challenges in identification,
characterization and applications for
intended use

Without a doubt, the process of finding new drugs is labor-
intensive, costly, time-consuming, and complex. As a result,
significant work has been done to expedite and facilitate the
underlying procedures. Notably, the development of compu-
tational approaches and scientific advancements in the field
of protein structure elucidation paved the way for the emer-
gence of virtual screening and rational drug discovery. The
latter is an in-silico method to look for compounds that will
probably be active on a specific target by searching through
huge chemical libraries. Virtual screening can be carried out
using known ligands for a target of interest or its structural

information (known ligands-based virtual screening).
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Structure-based virtual screening looks for chemicals with
shapes and other characteristics comparable to protein
binding sites using modeled or experimental protein 3D struc-
tures. Alternatively, ligand-based virtual screening uses the
similarity principle, which states that comparable compounds
are likely to have similar bioactivities, to find small molecules
that resemble the known active ligands.™

The virtual screening process involves predicting possibly
bioactive compounds from files containing substantial
libraries of small molecules using computational methods.
Due to the ongoing development, enhancement, and avail-
ability of in silico methodologies, virtual screening is growing
in popularity in the drug discovery sector."® Virtual screening
approaches are utilized by both public and private enterprises
to reduce laboratory resource consumption, as many of these
techniques are user-friendly. Nonetheless, it frequently
happens that the methods used in virtual screening workflows
are limited to those that the research team is familiar with.
Additionally, each methodology has several disadvantages that
should be avoided to prevent the production of erroneous
results or artefacts, even though the software is frequently
simple to use.

The generation of quality tool compounds necessitates sub-
stantial resources and expertise. Therefore, it is crucial to
acknowledge that many tool compounds documented in the
literature need to be verified, meaning they may need more
selectivity for the intended target or effectively bind to the
claimed target. When assessing the validity or existence of a
literature tool compound, it is advisable to adopt a skeptical
stance if any of the following characteristics are observed:

(a) There is no evidence of orthogonal confirmation of
binding.

(b) The provided information solely consists of results from
a proliferation assay.

(c) The presence or absence of SAR (Structure-Activity
Relationships) in lipophilicity is observed.

(d) The functionality of pan-assay interference compounds
(PAINS) is well-documented and widely recognized in the
scientific community."®

Frequent hitter structures refer to the occurrence patterns
of some aspects within a given dataset. These structures are
characterized by the high frequency at which specific elements
appear, indicating. More selectivity data must be supplied, or
more information must be available.

3. Insilico ADME/T study for drug
discovery

It is not a guarantee that a molecule will work as intended
in vivo, even if it can bind to the target of interest with speci-
ficity and its activity is verified in vitro. Before being trans-
ferred to the target tissue and correctly absorbed by the organ-
ism, the substance must be prevented from being digested and
eliminated. The term ADME (Absorption, Distribution,
Metabolism, and Excretion) properties refers to the character-
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istics of a compound that modulate one of these stages and
affect its in vivo activity. These characteristics can be used to
assess a compound’s drug-likeness or how closely it resembles
a real drug and can, therefore, be metabolized by the organism
as one."” A growing number of people understand that a suc-
cessful medicine is one that appropriately balances potency,
efficacy, safety, and good pharmacokinetics. One difficult
problem in the drug development process is that, because of
the intricacy of the drug-body interaction and the individual
reaction to drug perturbation, the knowledge needed to gene-
rate medications is never sufficient. ADME/T studies involving
absorption, distribution, metabolism, excretion, and toxicity
are involved in a much earlier stage of the discovery process to
prevent late-stage failures in discovering new chemicals to be
used as drugs."®

To assess the ADME/T characteristics of a single molecule
in advance, faster, easier, and more affordable in-silico
approaches must be developed. Because it offers a simple,
high-throughput approach to enhance screening and testing
capabilities by concentrating only on promising compounds,
the in-silico prediction of ADME/T characteristics presents an
appealing substitute for experimental measurements. This
helps to reduce the time and cost associated with the drug dis-
covery process."’

These computational approaches can be used to predict
and to optimize pharmacokinetics and pharmacodynamics in
the drug development process and thereby significantly
improve the success rate of preclinical and clinical trials.
These studies help to identify potential issues like poor
absorption, metabolic instability and interactions. Drug candi-
dates can be optimized by applying Lipinski’s Rule of Five for
oral bioavailability, tissue distribution, and metabolic stability
and to minimize toxicity.”® Lipinski’s rule of five is a pioneer
physiochemical filter unit relating any drug molecule’s
physicochemical parameters with its pharmacokinetic pro-
perties. Therefore, it is a method to determine the oral bio-
availability of the drug. It can be convenient to approve any
biological molecule as a drug. The rule states that a molecule
is more likely to be an orally active drug if;

1. Not more than five hydrogen bond donors.

2. Not more than 10 hydrogen bond acceptors.

3. Molecular mass is less than 500 Da.

4. log P (octanol-water partition coefficient) of less than 5.

Compounds that violate these rules often have issues with
solubility, permeability, or absorption, and thus may not be
suitable for oral administration.**>*

4. Evidence-based and quantitative
prioritization

Utilizing potent and selective chemical agents possessing
clearly defined targets can facilitate the elucidation of biologi-
cal mechanisms underlying traits observed in phenotypic
screens. Nevertheless, identifying specific compounds in large
quantities to form screening sets with properties is challen-
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ging. To avoid the repetitive utilization of indiscriminate pub-
lished compounds, employing a methodical methodology for
prioritizing probes is imperative. Wang and coauthors con-
ducted a meta-analysis on a comprehensive collection of
diverse bioactivity data to develop a quantitative criterion that
may be used to rank tool compounds for specific targets sys-
tematically. The tool’s score (TS) was subsequently evaluated
on many drugs by analyzing their activity patterns in a panel
of 41 cell-based pathway assays. Their study reveals that high-
TS tools exhibit more consistent and specific phenotypic
characteristics than compounds with lower TS values. In
addition, they emphasized the examination of commonly
tested drugs that exhibit non-selective characteristics, as well
as the differentiation between polypharmacology within a par-
ticular target family and promiscuity across several target
families. Therefore, target Similarity (TS) can be utilized to
prioritize compounds from diverse databases for phenotypic
screening.

5. Database
5.1. ChemBank
A public web-based informatics environment called

ChemBank (https:/chembank.broad.harvard.edu) was created
by the Chemical Biology Program and Platform at the Broad
Institute at Harvard and MIT in cooperation. This knowledge
environment contains resources for analyzing data and pub-
licly available data obtained from small compounds and
small-molecule screens. The meticulous definition of screen-
ing experiments in terms of statistical hypothesis testing, the
metadata-based organization of screening experiments into
projects involving collections of related assays, and the com-
mitment to preserving raw screening data make ChemBank
stand out among small-molecule databases.”® Adopting
uniform terminology and standards to facilitate the exchange
and management of chemical genetic data is one of
ChemBank’s goals. The expanding community of industry and
academic scientists interested in exchanging data will be
invited to provide data on the structures and functions of
small molecules using predetermined criteria. ChemBank is
being developed to investigate the fundamental principles of
biological networks and to make it easier to identify the pro-
teins that tiny compounds found in cellular and organismal
experiments interact with.>®

ChemBank contains raw experimental data from high-
throughput biological assays, chemical structures, and names,
computed molecular descriptors, biological information vetted
by humans about small molecule activities, and a wealth of
metadata about screening studies. Although there are numer-
ous additional freely accessible small-molecule and medi-
cation databases. Three key features set ChemBank apart: (i)
its commitment to preserving raw screening data; (ii) its exact
description of screening trials in terms of statistical hypothesis
testing; and (iii) its hierarchical metadata-based grouping of
similar assays into screening projects.>®

© 2025 The Author(s). Published by the Royal Society of Chemistry
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5.2. ChEMBL bioactivity database
One of the most important examples of the many publicly
accessible databases currently available for chemical structure
and bioactivity is the ChEMBL database, which is offered as
part of the extensive suite of life-science informatics resources
at EMBL-EBI. Crucially, ChEMBL makes it possible for the
scientific community to respond to significant scientific
queries, many of which concern health.?” ChEMBL is a manu-
ally edited database of bioactivity information about small
drug-like compounds. The data kept in ChEMBL is publicly
accessible and updated regularly.>® These databases include
PubChem BioAssay, BindingDB, GuideToPharmacology, and
DrugBank. One may argue that the rise in popularity and
development of these databases has democratized drug discov-
ery more broadly, as well as the chemical biology and compu-
tational medicinal chemistry sciences. No longer are a select
few commercial organizations the only ones with access to
high-quality data on a large scale for data-driven assessments
of polypharmacology, bioisosteric replacements, chemoge-
nomics, medication repurposing, and predictive modelling.>®

Aiming to gather information and knowledge about medic-
inal chemistry from all points of the pharmaceutical research
and development process, ChEMBL is a sizable, publicly acces-
sible drug discovery database. Several prestigious publications
on medicinal chemistry provide full-text articles with infor-
mation on small molecules and their biological function. This
information is combined with information on authorized
medications and clinical development candidates, including
their mechanisms of action and therapeutic indications.
Additionally, bioactivity data is shared with other databases,
such as BindingDB and PubChem BioAssay, so that users can
access even more data. The resulting database can be used for
many different practical purposes, such as finding chemical
tools for a target of interest, evaluating compound selectivity,
training machine learning models (for target prediction, for
example), helping to develop hypotheses for new drug uses,
determining target tractability, and integrating with other drug
discovery tools.*®

Using small molecule tool compounds has facilitated sig-
nificant advancements in life science research. These com-
pounds possess high potency, cellular activity, and selectivity,
making them well-suited for investigating biological processes.
For these molecules to have utility, they must undergo accurate
characterization, while researchers must maintain awareness
of their properties. The ChEMBL bioactivity database was uti-
lized impartially to extract high-quality tool compounds.
Studies have reported 407 best-in-class compounds for 278
protein targets in an annotated data set.*’ Furthermore, infor-
matics functionalities were established alongside a web appli-
cation to facilitate data visualization and automate the pro-
duction of pharmacological hypotheses. The functionalities
mentioned above were employed to make predictions regard-
ing inhibitors of the Chromobox Protein Homologue 5 (CBX5)
mediated gene repression pathway, which is currently devoid
of suitable inhibitors. The accuracy of the projections was then

© 2025 The Author(s). Published by the Royal Society of Chemistry
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confirmed using a cell-based test that exhibited a high level of
specificity. This assay identified novel chemical modulators
that could influence the production of heterochromatin
mediated by CBX5. This dataset and its corresponding services
will help researchers maximize the efficacy of these valuable
substances.

5.3. PubChem BioAssay

PubChem (https:/pubchem.ncbi.nlm.nih.gov) is a public
information resource for preserving small molecule and siRNA
reagent chemical structures and biological characteristics.
Since 2004, the National Institutes of Health have housed the
National Center for Biotechnology Information (NCBI), a
National Library of Medicine branch. Bioactivity data from
medicinal chemistry research and high-throughput screenings
are housed in the PubChem BioAssay database. Furthermore,
many dozen high-throughput RNAi screenings against entire
genomes are available in the PubChem BioAssay database.
Because these data relate to the other NCBI resources,
PubChem is a popular public information platform for study-
ing chemical biology and drug discovery.’> The database
aimed to give the scientific community an open-access
resource to find experimental bioactivity high-throughput
screening (HTS) data of chemical substances. The National
Institutes of Health (NIH) initially provided small-molecule
HTS input. Today, the database collects information from over
700 sources, including governmental bodies, prestigious
research institutions, chemical suppliers, and other biochemi-
cal databases. These sources account for over 260 million
bioactivity data points reported in small-molecule assays and
RNA interference reagents screening projects.*

Since its launch, PubChem BioAssay has proven to be a
dependable and frequently searched public database that
offers easy access and direct downloads of information on
every biological assay, including the chemical characteristics
and bioactivities of every tested molecule, as well as compre-
hensive screening protocols, input data, and assay results. The
two search options, search and advanced, provide a useful tool
for gathering and analyzing data by enabling a methodical and
comprehensive examination of the assays submitted to the
database based on various criteria, such as assay type, target
type, or quantity of highlighted compounds.?**°

PubChem is a highly popular chemistry information portal
for biomedical research communities in many disciplines,
including cheminformatics, chemical biology, medicinal
chemistry, and drug development, with millions of unique
users each month. Significantly, PubChem is a source of big
data in chemistry and is utilized in numerous machine learn-
ing and data science initiatives for drug repurposing, compu-
tational toxicology, virtual screening, and other applications.
The information contained in PubChem is gathered from hun-
dreds of data sources and arranged into several data collec-
tions, such as Pathway, Gene, Protein, Substance, Compound,
BioAssay, and Patent. Compound stores the distinct chemical
structures retrieved from Substance using chemical structure
standardization, while Substance archives the chemical data
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provided by separate data sources. Test results and descrip-
tions of biological assays are deposited by assay data vendors
in BioAssay. Substance ID (SID), Compound ID (CID), and
Assay ID (AID) are the record identifiers (IDs) used in sub-
stance, compound, and bioassay, respectively.’® BioAssay,
Compound, and Substance are the three main public data-
bases comprising PubChem, an open archive. It includes
details on various chemical entities, such as siRNA and
miRNA, tiny molecules, lipids, carbohydrates, and amino acid
and nucleic acid sequences that have undergone chemical
modification.?”

5.4. BindingDB

BindingDB (https:/www.bindingdb.org) is the first publicly
available database of measured protein-ligand affinity data
launched on the web in 2000. It is intended to facilitate both
broad analyzes that capitalize on the comprehensiveness of a
sizable and expanding data set and access to focused data sets,
such as affinity data linked to a specific medication target.*®
Initially, the design of BindingDB, which came from an aca-
demic setting, concentrated on small compounds that were
said to be active against targets for which 3D structural data
was accessible.®® It contains about 20000 measurements,
making it one of the largest publicly available datasets of
protein-ligand binding affinities, and it keeps growing.
Currently, targets whose three-dimensional structures can be
correctly modeled or are listed in the Protein Data Bank (PDB)
are the focus of data collecting. Because these data lend them-
selves to structural analysis and can be used to create and vali-
date computer models of binding, they are particularly
interesting.*°

5.5. DrugBank

A web-enabled database called DrugBank (https:/www.drug-
bank.ca) offers extensive molecular data regarding medi-
cations, their mechanisms, interactions, and targets. Since its
inception in 2006, DrugBank has seen significant changes in
drug research and development requirements and advance-
ments in online standards. DrugBank has been extensively uti-
lized for in silico drug target identification, drug design, drug
docking or screening, drug metabolism prediction, drug inter-
action prediction, and general pharmaceutical education since
its initial release in 2006. DrugBank can offer comprehensive,
current, quantitative, analytical, or molecular-scale infor-
mation regarding pharmaceuticals, therapeutic targets, and
the physiological or biological effects of drug activities
because it is a clinically focused drug encyclopedia. DrugBank
can offer numerous built-in tools for viewing, sorting, search-
ing, and extracting text, image, sequence, or structure data
since it is a chemically oriented drug database.*’ DrugBank is
an extensive, publicly accessible online database that includes
complete drug, drug-target, drug action, and drug interaction
data about both FDA-approved and experimental pharmaceuti-
cals undergoing FDA approval. One of the world’s most
popular reference drug sites is DrugBank, thanks to its com-
prehensive, excellent, primary-sourced content. Educators,
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pharmacologists, medicinal chemists, pharmacists, pharma-
ceutical researchers, and the pharmaceutical industry, every-
one uses it frequently.”> As a web-based bioinformatics/che-
minformatics resource, DrugBank integrates extensive drug
target data with thorough drug data. Its main purpose is to aid
in computer-based drug and target discovery. Pharmacists and
pharmaceutical researchers also utilize DrugBank as a compre-
hensive online reference because it electronically catalogs
nearly all known medicines and therapeutic targets.*?

5.6. ChemSpider

The Royal Society of Chemistry (RSC) is the owner of
ChemSpider. The whole database can only be downloaded
under licensing, even though searches and extracting small
result sets are free. It provides services to enhance submitted
data through user corrections, additional annotations, and
interaction with user apps. This also applies to ChemSpider
SyntheticPages, which covers peer review, semantic enhance-
ment, and reactions with citable URLs. Another distinctive
characteristic is direct connections to RSC journal structures.**
ChemSpider is a highly helpful online database of known com-
pounds that can be used to identify these kinds of compounds
in samples of natural products, commercial products, environ-
mental products, and forensics. In addition to being a search
engine built on top of terabytes of chemical data, ChemSpider
is a community for chemists who work together to improve
and curate the database by sharing their knowledge, expertise,
and data. Therefore, ChemSpider is similar to Wikipedia in
promoting community involvement and contributions.**

The above-studied databases comprise most of the records
related to chemical structures and constitute a wide range of
resources concerning drug discovery and chemical biology.
The National Center for Biotechnology Information has a
PubChem portal focusing on chemistry. PubChem offers infor-
mation on chemicals and proteins, genes, pathways, and more
using hundreds of data sources worldwide.*® The chemoinfor-
matics database ChemBank is openly accessible. Small mole-
cules, small-molecule screens, and resources for analyzing
these data are the data sources. It was created with the
Harvard Broad Institute’s Chemical Biology Program and
Platform. ChEMBL is a database of small compounds that
resemble bioactive drugs. This database includes abstracted
bioactivities (such as binding constants, pharmacology, and
ADMET data), computed characteristics (such as log P, mole-
cular weight, and Lipinski parameters), and 2D structures.
PubChem is a free database of tiny compounds and details
about their biological activity. The National Center for
Biotechnology Information, a division of the National Library
of Medicine and the National Institutes of Health (NIH) in the
United States, is responsible for maintaining the system. It has
a connection to NIH PubMed/Entrez data. The DrugBank data-
base integrates extensive drug target information with detailed
drug (i.e.,, chemical, pharmacological, and pharmaceutical)
data.*”

The amount of openly available internet databases that
support the chemistry community has dramatically increased

© 2025 The Author(s). Published by the Royal Society of Chemistry
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in recent years. Chemistry data is available online for compu-
ter modeling, mining, and system integration to support drug
discovery. However, it is necessary to ensure that the data are
of high caliber to prevent time wasted on pointless searches,
that reliable data support the models, and that inaccurate data
does not detract from the enhanced discoverability of online
resources.

6. Conclusion

This study’s chemical probe data collection offers researchers
a comprehensive compilation of tool chemicals. This study
also delimits the collection of currently available tool chemi-
cals and highlights limitations in our capacity to target specific
biochemical processes through pharmacological means selec-
tively. This dataset, in conjunction with the computational
tools provided below, will help researchers maximize the
efficacy of these valuable chemical compounds.
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