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Abstract. Lead compounds are crucial in the early stages of drug discovery and development
and play a pivotal role in pharmaceutical advancements. In addition to drug development, lead
compounds have a myriad of other applications in daily life. This article reviews the extensive
applications of lead compounds across various fields and explores their potential uses. First, this
paper introduced the concept, characteristics, and research significance of lead compounds. Next,
we discuss in detail the application of lead compounds in fields such as medicine, agriculture,
food engineering, and material science, exploring their importance and potential trends in these
areas. In the medical field, lead compounds provide a foundation for new drug development.
Through the drug development process, compounds with potential therapeutic effects have been
discovered and optimized, offering new avenues for disease treatment. In agriculture, lead
compounds play a significant role in the development of pesticides and plant protection, helping
to enhance crop yield, resilience, and quality and promoting sustainable agricultural practices.
In the food industry, lead compounds are widely used in the development of food additives,
functional foods, and food preservation technologies, enhancing the nutritional value and safety
of food products. In the realm of material science, the application of lead compounds has spurred
the research and development of new materials, improved material performance and
functionality, and broadened their application fields. However, with continuous advancements
in science and technology and evolving societal needs, research on lead compounds still faces
many challenges and opportunities. Thus, strengthening the research and broader application of
lead compounds will become a critical direction for future scientific endeavors.
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1. Introduction

Lead compounds[ 1] are compounds with unique structures and pharmacological or biological activities
that serve as the starting point for modern drug research. Their molecular architectures can be
strategically refined to enhance therapeutic efficacy, selectivity, and pharmacokinetic attributes. Newly
identified lead compounds often present certain limitations, including suboptimal activity, chemical
instability, significant toxicity, inadequate selectivity, and substandard pharmacokinetic profiles,
necessitating sophisticated chemical modifications. These modifications increase the pharmacological
potential of these compounds to levels amenable for advanced biological or clinical evaluation.
Subsequent refinements transform these molecules into optimal therapeutic agents, a process termed
lead compound optimization. The research significance of lead compounds is multifaceted: as pivotal
initiators of drug discovery and development, their systematic research and meticulous optimization
facilitate the identification of more potent and selective drug candidates. Moreover, compared to the de

© 2024 The Authors. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(https://creativecommons.org/licenses/by/4.0/).

176



Proceedings of the 4th International Conference on Biological Engineering and Medical Science
DOI: 10.54254/2753-8818/60/20241438

novo synthesis of novel entities, the exploration and refinement of lead compounds can substantially
reduce both the timeline and financial burden associated with drug development. Furthermore,
investigations into lead compounds have contributed to the expansion of the medicinal chemistry
landscape, uncovering novel drug scaffolds and elucidating underlying pharmacological mechanisms,
thereby broadening the therapeutic possibilities for diverse pathologies.

Many lead compounds initially originate from natural sources such as plants, microorganisms, or
animals. Natural products have significant advantages over traditionally synthesized small-molecule
drugs in terms of chemical novelty, structural complexity, functional diversity, biocompatibility, and
pharmacokinetic properties. [3] For instance, active compounds discovered in the effective ingredients
extracted from herbal medicines or metabolic products of microorganisms often become candidate
substances for new drug research.

2. The methods to find lead compound

HTS is a mature method for determining the starting point of lead compounds in the drug discovery
process. [4] The large-scale evaluation of the biological activity of compounds involves identifying
compounds with specific biological activities.

With the development of computational chemistry and bioinformatics, computational simulation has
become a common method for acquiring lead compounds. Computer-aided design is a technique that
utilizes computer simulation technologies to predict and optimize the structure and properties of
compounds. Through molecular modeling, pharmacophore analysis, and molecular docking, compounds
with potential biological activity can be rapidly screened, reducing the time and financial costs
associated with the discovery process and designing lead compounds with enhanced activity and
selectivity.

In addition to extraction from nature, many lead compounds are also obtained through chemical
synthesis. Synthetic chemical methods are crucial for preparing lead compounds, allowing for the design
of compounds with specific structures and activities to optimize their performance and pharmacological
effects. This provides greater flexibility and controllability for drug development.

Some lead compounds are derived by modifying the structure of known active compounds. Structural
modification can alter a molecule’s structure, properties, and activity, enhancing the pharmacological
effectiveness and selectivity of the compound and thus yielding lead compounds with greater activity
and stability.

3. Applications of lead compounds in daily life

3.1. Applications in the pharmaceutical field
In the pharmaceutical field, lead compounds play a crucial role. They are a key component of the drug
development process and play significant roles in drug therapy, molecular imaging, and biosensing.

In drug development, lead compounds are used to validate therapeutic hypotheses, determine
efficacy and toxicity, and provide a basis for subsequent clinical trials. They are typically compounds
with certain activities obtained from natural products or high-throughput screening[6]. Drug
development teams can enhance the pharmacological effectiveness, reduce adverse effects, and increase
the stability and bioavailability of these compounds in the body through the selection, optimization, and
improvement of lead compounds. This increases the efficiency of the discovery process and yields safer
and more effective drug candidates. These optimization processes often involve research in synthetic
chemistry, pharmacokinetics, molecular simulation, and other fields, aiming to transform lead
compounds into candidates with potential for clinical application.

Once lead compounds have undergone clinical trials and are proven safe and effective, they can serve
as the foundation for new drugs. The development of new drugs requires stringent clinical trials to ensure
their safety and efficacy in humans. These new drugs may be used to treat a variety of diseases, including
cancer, cardiovascular diseases, and infectious diseases[7]. The properties and pharmacological effects
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of lead compounds determine the ultimate therapeutic outcome, providing essential drug choices for
clinical treatment.

In medical diagnostics, molecular imaging techniques such as CT, MRI, and PET have become
routine diagnostic tools. In molecular imaging, lead compounds can be labeled with radioactive isotopes
or contrast agents and used as probes to detect specific molecular processes or pathological states within
the body. These probes can be used for diagnosing and monitoring diseases, such as tumor imaging and
diagnosing neurological disorders. Molecular imaging allows physicians to diagnose diseases more
accurately and monitor treatment effects in real time, providing a scientific basis for clinical decision-
making[8].

Lead compounds are also widely used in the development of biosensors. Biosensors are devices
capable of converting biological events into detectable signals and can be used to detect specific
biomolecules or physiological indicators within a biological entity. The selection and optimization of
lead compounds are crucial for the sensitivity and selectivity of biosensors, helping to ensure the
accuracy and stability of the sensors and thus enabling rapid and convenient biomonitoring and
diagnostics.

3.2. Applications of lead compounds in agriculture

In the agricultural field, lead compounds also hold significant value. Their applications in agriculture
range from plant protection to increasing crop yields. They provide key support for enhancing
agricultural production efficiency, improving crop quality, protecting plant health, and achieving
sustainable agricultural development. These compounds contribute to improving the quality and safety
of food, promoting the development of the food industry, and meeting the public’s demand for healthy,
safe food.

In agriculture, lead compounds can be used as plant protectants to control various pests, pathogens,
and weeds[9]. These compounds can protect crops from damage by altering insect behavior or affecting
pathogen growth, thereby increasing crop yield and quality.

The application of lead compounds can enhance the efficiency of agricultural production and reduce
production costs, thereby achieving sustainable agricultural development. For example, some lead
compounds possess growth regulator properties that can affect the growth and development processes
of crops. By modulating plant growth hormone levels or altering physiological processes, these
compounds can promote crop growth, increase yields, and enhance crop resistance to environmental
stresses. Additionally, they reduce the use of pesticides and fertilizers, diminishing the environmental
impact of agriculture and realizing efficient, economical, and sustainable agricultural development.

Some lead compounds enhance the resistance of crops to various environmental stresses, such as
drought, salinity, and pests [10]. These compounds can improve crop resilience by regulating plant
physiological metabolic processes or strengthening the plant immune system, thereby ensuring stable
crop production. For instance, certain growth regulators and plant protection compounds enhance plant
adaptability to environmental stressors and improve drought, salinity, and pest resistance, thereby
increasing crop growth and yield. The research and application of these compounds help to increase
crop yield and quality, promote sustainable agricultural development, and reduce negative
environmental impacts.

3.3. Applications of lead compounds in food engineering

In the field of food engineering, lead compounds play a significant role. Their applications in food
engineering primarily involve food processing, preservation, improvement, and the development of
functional foods.

In food processing, lead compounds can be used as additives such as antioxidants, preservatives, and
thickeners. These compounds can extend the shelf life of food, improve its taste and texture, and preserve
its nutritional content and color. Some lead compounds have antimicrobial properties and can be used
for food preservation and spoilage prevention. By adding appropriate amounts of antimicrobial or
antibacterial agents, the shelf life of food can be extended, food waste can be reduced, and the safety
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and hygiene of the food can be ensured[11]. They can also be used to detect harmful substances or
residual additives in food, ensuring the quality and safety of the food, as well as monitoring hygiene
conditions during food processing to prevent food contamination and foodborne diseases.

Lead compounds can be used to enhance the nutritional content, taste, and functional properties of
food. For example, the addition of nutritional enhancers, flavor enhancers[12], or taste improvers can
increase the nutritional value and flavor of food, meeting diverse consumer needs.

Some lead compounds possess specific biological activities or pharmacological effects, making them
suitable for developing functional foods[13]. By incorporating these compounds into food products,
specific health benefits can be imparted, such as regulating blood sugar, reducing blood lipids, and
enhancing immunity, thus fulfilling the demand for health-oriented foods.

3.4. Applications of lead compounds in materials science

Lead compounds are commonly used in the synthesis of novel materials or the design of new material
structures. These compounds often possess specific structures or functional groups that can provide the
desired properties to materials, such as excellent conductivity, magnetism, and optical properties. By
synthesizing lead compounds, researchers can explore the structure-property relationships of various
materials, thereby guiding the targeted design and synthesis of materials. The identification of lead
compounds provides an important foundation for the development of functional materials. For example,
lead compounds can be used to prepare electronic materials, optical materials, magnetic materials,
catalysts, etc., which have significant applications in electronic devices, optoelectronic devices, energy
conversion and storage, chemical reactions, and other fields. The lead compound polyaniline, for
instance, can be prepared by controlling the polymerization reaction conditions and adding different
dopants, resulting in multifunctional polymer materials with conductivity, photoelectricity, and
magnetism[14]. Through the synthesis and manipulation of lead compounds, precise control and
optimization of the properties of functional materials can be achieved.

Lead compounds play a crucial role in the growth of crystals and the preparation of thin films. By
controlling the structure and composition of lead compounds, directional control of crystal growth and
improvement of crystal quality can be achieved. Additionally, lead compounds can also be used in
processes such as sputtering, deposition, and laser sintering for the preparation of thin films, thereby
realizing directional growth of thin film materials and interface control.

Nanomaterials possess unique physical and chemical properties and hold broad application prospects
in fields such as energy, biomedicine[15], and the environment. Lead compounds play a critical role in
the synthesis and preparation of nanomaterials. For example, various nanostructures, such as
nanoparticles, nanowires, and nanosheets, can be synthesized using methods such as solvothermal
synthesis, vapor deposition, and hydrothermal synthesis, thereby achieving precise control and
modulation of nanomaterials.

4. Conclusion
In the fields of medicine, agriculture, food engineering, and materials science, the extensive application
of lead compounds highlights their significance across various domains. These compounds provide a
solid foundation for development and innovation in each area. In the medical field, the use of lead
compounds not only promotes the research and production of new drugs but also provides crucial
support for improving medical devices and advancing medical technology. In agriculture, the application
of lead compounds helps to enhance the quality and yield of agricultural products, increasing the
efficiency and sustainability of agricultural production. In the field of food engineering, the application
of lead compounds improves the quality and safety of food, fostering the innovation and development
of food processing technologies. In materials science, the application of lead compounds drives the
research and use of new materials, providing key support for technological advancements in fields such
as electronics, optics, and magnetism.

Overall, the widespread application of lead compounds in various domains underscores their
important role in scientific research and engineering applications. With the continuous development and
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innovation of science and technology, the prospects for the application of lead compounds are even
broader, promoting societal progress and sustainable development and injecting new vitality and
momentum into the progress of human society. Through ongoing research and application, we will be
better able to harness the potential of lead compounds to advance science and technology, address
various challenges in real life, and achieve a brighter future for human society.

References

[1] Gao Yan, Jia Xin, Guo Donggui. Research progress on methods for obtaining lead compounds
[J]. Science and Technology Information, 2009(02):9-11.

[2] Yul,LiZ, Chen G, Kong X, HuJ, Wang D, Cao D, Li Y, Huo R, Wang G, Liu X, Jiang H, Li X,
Luo X, Zheng M. Computing the relative binding affinity of ligands based on a pairwise
binding comparison network.Nat Comput Sci.2023 Oct;3(10):860-872.Newman DJ,Cragg
GM.Natural Products as Sources of New Drugs over the Nearly Four Decades from 01/1981
to 09/2019.J Nat Prod. 2020 Mar 27;83(3):770-803.

[3] Macarron R, Banks MN, Bojanic D, et al. Impact of high-throughput screening in biomedical
research. Nat Rev Drug Discov 2011;10:188-95.

[4] Dos Santos Nascimento 1J.Computer-aided Drug Design against Emerging Viruses:Part 1. Curr
Top Med Chem. 2022;22(29):2395.

[5] Venkatesh S, Lipper RA.Role of the development scientist in compound lead selection and
optimization.J Pharm Sci.2000 Feb;89(2):145-54.

[6] Shalmali N, Ali MR, Bawa S.Imidazole:An Essential Edifice for the Identification of New Lead
Compounds and Drug Development. Mini Rev Med Chem. 2018;18(2):142-163.

[7] Gao Jie, Yuan Zeli, Mai Yuhan. Synthesis method of molecular lead compounds for combined
diagnosis and treatment and its application in mitochondrial imaging:CN202010405660.3[P].
CN111606839A[2024-05-12].

[8] Huang Yizhao. Study on the herbicidal activity and safety of fenflufen on corn[D]. Shandong:
Shandong Agricultural University, 2018.

[9] Duan Y, Lu F, Zhou Z, Zhao H, Zhang J, Mao Y, Li M, Wang J, Zhou M.Quinone outside
inhibitors affect DON biosynthesis, mitochondrial structure and toxisome formation in
Fusarium graminearum. J Hazard Mater. 2020 Nov 5;398:122908.

[10] Li X, Yao L, Xiong B, et al. Inhibitory mechanism of pinosylvin monomethyl ether against
Aspergillus flavus[J]. Journal of Agricultural and Food Chemistry, 2022, 70(50): 15840-15847

[11] Advance on the Biotransformation of Bioactive Natural Leading Compounds. China
Biotechnology, 2007, 27(9): 110-115.

[12] HuQ,JiJ, Xu D, et al. Isolation and characterization of uric acid-lowering functional components
from Polygonum cuspidatum[J]. Food Bioscience, 2023, 53: 102314.

[13] Song Yuexian, Wang Hongli, Zheng Yuansuo, et al. Preparation of highly conductive polyaniline
films and research on their electromagnetic shielding properties [J]. Journal of Polymers, 2002,
12(1): 92-95.

[14] Zhang X, Zhen X, Yang Y, Feng Q, Yuan W, Xie X. Precise assembly of inside-out cell
membrane camouflaged nanoparticles via bioorthogonal reactions for improving drug leads
capturing. Acta Pharm Sin B. 2023 Feb;13(2):852-862.

[15] Zhang X, Zhen X, Yang Y, Feng Q, Yuan W, Xie X. Precise assembly of inside-out cell
membrane camouflaged nanoparticles via bioorthogonal reactions for improving drug leads
capturing. Acta Pharm Sin B. 2023 Feb;13(2):852-862.

180



