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Abstract: The abstract highlights the transformative role of Artificial Intelligence (AI) in drug discovery, 

covering key aspects such as de novo drug design, synthesis planning, and the future implications of AI in 

pharmaceutical research. It begins by emphasizing AI's significant impact on drug discovery, particularly 

in applications like virtual screening and drug design. The survey provides a detailed overview of drug 

discovery, focusing on molecular property prediction and molecule generation. It explores essential 

components like data resources and benchmark platforms. The chronological organization of AI techniques 

showcases the historical evolution of AI in drug discovery. The abstract further discusses AI's applications 

in the pharmaceutical lifecycle, manufacturing, and post-market surveillance. It concludes by projecting the 

future role of AI in drug discovery, emphasizing precision medicine, personalized experiences, and 

collaborative efforts between AI and human researchers. 
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I. INTRODUCTION 

Artificial intelligence (AI) has significantly reshaped the landscape of drug discovery in the last decade, playing a 

crucial role in various applications such as virtual screening and drug design. This survey aims to offer an in-depth 

overview of drug discovery, focusing on two primary tasks: molecular property prediction and molecule generation.The 

first section provides a comprehensive introduction to drug discovery and explores its related applications.(1) These 

applications can be broadly categorized into molecular property prediction and molecule generation, representing 

critical aspects of the drug development process.Next, the survey delves into essential components, including common 

data resources, molecule representations, and benchmark platforms. Understanding these elements is crucial for the 

successful application of AI in drug discovery, ensuring that models are trained and evaluated using appropriate 

datasets and standards.(2) A major portion of this survey is dedicated to dissecting AI techniques, focusing on model 

architectures and learning paradigms. This breakdown helps to elucidate the diverse approaches and methodologies 

employed in the integration of AI into drug discovery.To reflect the evolution of AI in drug discovery, the surveyed 

works are organized chronologically, offering a historical perspective on the technical advancements made over the 

years. This chronological organization allows readers to trace the trajectory of AI applications in drug discovery, from 

initial developments to the latest innovations.(3) 

 

Artificial Intelligence in the Pharmaceutical Lifecycle : 

AI helps in identifying potential drug targets by analyzing biological data, genomic information, and protein structures. 

Lead Identification and Optimization, AI accelerates the identification of lead compounds and optimizes AI techniques, 

such as machine learning algorithms, enable virtual screening of large compound libraries, predicting the likelihood of a 

molecule binding to a specific target(4).AI helps identify potential biomarkers for diseases, facilitating the development 

of personalized medicine approaches.AI assists in analyzing and interpreting complex clinical trial data, supporting the 

preparation of regulatory submissions.(4)AI tools help ensure compliance with regulatory requirements by automating 
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documentation processes and ensuring data integrity.It is utilized for market research, predicting market trends, and 

identifying potential opportunities for pharmaceutical products.(5)AI helps optimize supply chain management, 

reducing costs and ensuring timely delivery of pharmaceutical products. AI-driven tools enhance patient engagement by 

providing personalized health information, monitoring patient adherence, and supporting patient-centric care.(6) 

 

The application of AI to pharmaceutical product development : 

The process of finding a novel medication molecule involves incorporating it into a dosage form that is appropriate and 

has the desired delivery properties. The conventional trial-and-error method can be replaced with a more effective one 

thanks to artificial intelligence AI (7). Quantitative Structure-Property Relationship (QSPR) approaches are utilized by 

computational tools to solve formulation design concerns such as dissolution, porosity, stability problems, and other 

aspects.(8) The use of rule-based systems by decision-support tools is essential for choosing excipients according to the 

physicochemical properties of the medication.These devices monitor the whole process and make sporadic adjustments 

via a feedback system.In a groundbreaking move, Guo et al. combined Artificial Neural Networks (ANN) and Expert 

Systems (ES) to create a hybrid system that could be used to make piroxicam-containing hard gelatin capsules that 

would fill directly and have precise dissolving profiles. Based on input parameters, the Model Expert System (MES) is 

intended to provide judgments and suggestions for formulation development.(9) 

AI algorithms analyze data from various stages of manufacturing to optimize batch processes, ensuring consistent 

product quality and reducing production times.(10)AI can optimize energy consumption in manufacturing processes, 

contributing to sustainability goals and cost reduction.AI enables real-time monitoring of manufacturing processes, 

helping identify deviations from quality standards promptly.AI-based vision systems automate quality control 

inspections, ensuring product integrity and compliance with regulatory standards.AI-driven predictive maintenance 

systems monitor the health of manufacturing equipment, predicting potential failures and allowing for proactive 

maintenance to minimize downtime.AI helps extend the life cycle of machinery by optimizing maintenance schedules 

based on actual usage and performance data.(11)AI algorithms analyze historical data and market trends to provide 

accurate demand forecasts, optimizing inventory management and minimizing supply chain disruptions. AI facilitates 

efficient communication and collaboration with suppliers, ensuring a stable supply of raw materials.AI systems assist in 

maintaining data integrity and traceability, crucial for compliance with regulatory requirements.AI helps automate 

documentation processes, reducing the risk of errors and ensuring compliance with Good Manufacturing Practices 

(GMP)(12) AI enables the development of flexible manufacturing systems that can adapt to the production of 

personalized medicines, accommodating variations in dosage and formulations.AI integrates data from various sources, 

providing a holistic view of manufacturing operations and supporting data-driven decision-making. AI algorithms 

analyze vast datasets to identify areas for improvement and optimize manufacturing processes continually.AI is used to 

control and optimize bioreactor conditions for the production of biopharmaceuticals, improving yield and product 

quality.(13) 

 

De novo drug design: 

De novo drug design, empowered by Artificial Intelligence (AI), is a cutting-edge approach in the field of drug 

discovery that harnesses computational methodologies to create entirely new molecules with therapeutic potential.(14) 

Traditional drug discovery often relies on modifying existing compounds or screening large libraries of molecules, but 

de novo drug design with AI takes a more proactive and innovative stance by generating novel molecular structures 

from scratch.(15)The process begins with the representation of molecular structures using advanced computational 

techniques. Graph-based representations, where atoms and bonds are nodes and edges, enable AI algorithms to 

comprehend and manipulate the intricate relationships within molecules.(16) This representation forms the foundation 

for subsequent generative models, a key component of de novo drug design.Generative models, such as Variational 

Autoencoders (VAEs) and Generative Adversarial Networks (GANs), are pivotal in creating new molecular structures. 

VAEs encode the underlying distribution of molecular features, allowing the generation of diverse and plausible 

structures. GANs, on the other hand, involve a dynamic interplay between a generator, creating molecules, and a 

discriminator, assessing their authenticity. This adversarial training process refines the generator's ability to produce 

realistic molecular structures. Objective functions play a crucial role in guiding the generative process.(17) AI models 
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are trained to predict various molecular properties, including bioactivity, solubility, and toxicity. The objective is to 

optimize the generative model to produce molecules with specific desired properties, aligning with therapeutic targets 

while avoiding adverse effects.Reinforcement learning introduces an element of optimization, where molecules are 

generated iteratively, and the model is refined based on the success or failure of the generated structures.(18) 

This iterative process fine-tunes the generative model, enhancing its ability to produce molecules with increasingly 

favorable properties.To ensure practical relevance and synthetic feasibility, de novo drug design with AI incorporates 

chemical constraints.(19) These constraints, often informed by expert knowledge, guide the generative process to 

produce molecules that adhere to established chemical rules, making them more likely to be synthesizable and 

pharmacologically relevant.One of the key advantages of AI-driven de novo drug design is its capacity to prioritize 

diversity and novelty.(20) The algorithms are designed to explore broad chemical spaces, facilitating the discovery of 

entirely novel compounds. This feature is particularly valuable in overcoming the limitations of traditional drug 

discovery, which may overlook unconventional molecular structures with therapeutic potential. (21)The process is not a 

one-time event but involves iterative optimization. Feedback loops allow the AI model to learn from the outcomes of 

previous generations, continuously improving its performance and the quality of generated molecules.(22) 

 

Artificial Intelligence's function in synthesis planning: 

Artificial Intelligence (AI) plays a crucial role in synthesis planning by revolutionizing the way chemists design and 

optimize the synthesis routes for new compounds. Traditional synthesis planning involves manual, time-consuming 

processes, but AI brings efficiency and innovation to this domain.AI algorithms, particularly machine learning models, 

analyze vast databases of chemical reactions, reaction conditions, and known synthesis routes.(23) These models learn 

complex patterns and relationships, enabling them to predict optimal reaction pathways for the synthesis of specific 

compounds. This predictive capability significantly accelerates the synthesis planning process. Additionally, AI-driven 

synthesis planning considers various factors, including cost, availability of starting materials, and environmental 

impact, to propose more sustainable and economically viable routes. By automating and optimizing synthesis planning, 

AI contributes to the rapid and cost-effective development of novel compounds, enhancing the overall efficiency of 

chemical research and discovery.(24) 

 

Role of AI In Future: 

In the future, Artificial Intelligence (AI) will redefine the landscape of drug discovery, offering unprecedented 

advancements in efficiency, precision, and innovation. AI-driven algorithms will analyze vast biological and chemical 

datasets, expediting the identification of potential drug candidates. Machine learning models will predict molecular 

properties, optimize lead compounds, and streamline the selection of promising candidates for further development.(25) 

AI's ability to analyze complex relationships within biological systems will enhance target identification and validation. 

Furthermore, AI will facilitate personalized medicine by tailoring drug development to individual patient profiles, 

considering genetic, environmental, and lifestyle factors. Virtual screening, predictive modeling, and analysis of real-

world data will empower researchers to make informed decisions, reducing costs and timelines in the drug discovery 

process. AI's capacity to uncover hidden patterns and relationships in massive datasets will accelerate the identification 

of therapeutic targets and enhance the understanding of complex diseases. Collaborations between AI systems and 

human researchers will foster a synergistic approach, combining the creativity of human intuition with the analytical 

power of AI. This collaboration holds the promise of unlocking novel treatments, addressing unmet medical needs, and 

ushering in a new era of precision and personalized medicine, ultimately improving patient outcomes and reshaping the 

future of drug discovery.(26) 

 

Predictive modeling: 

Artificial Intelligence (AI) plays a pivotal role in predictive modeling, revolutionizing the way industries make 

informed decisions based on data-driven insights. Predictive modeling involves using historical and real-time data to 

forecast future outcomes and trends, and AI excels in this domain by leveraging advanced algorithms and machine 

learning techniques.(27) Through the analysis of vast datasets, AI-driven predictive models can identify complex 

patterns and correlations, providing accurate predictions in fields such as finance, healthcare, marketing, and more. 
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Machine learning algorithms, including regression, decision trees, and neural networks, empower these models to adapt 

and improve over time as they are exposed to new data. AI's predictive modeling capabilities enhance risk assessment, 

resource allocation, and strategic planning.(28) In finance, for example, AI algorithms predict market trends and 

optimize investment portfolios. In healthcare, predictive modeling aids in disease prognosis and personalized treatment 

plans. Businesses benefit from AI by optimizing supply chain management, demand forecasting, and customer behavior 

prediction. 

 

AI in product cost: 

Artificial Intelligence (AI) is revolutionizing the landscape of product cost management, offering businesses 

unprecedented capabilities to optimize and streamline various aspects of cost estimation, analysis, and control. AI-

driven algorithms leverage vast datasets and historical cost information to enhance the accuracy of cost predictions. By 

analyzing market trends, supplier data, and other variables, AI enables more precise forecasting, helping businesses 

make informed decisions at every stage of product development.(29) One key advantage of AI in product cost 

management lies in predictive analytics. Machine learning models can identify patterns and factors influencing costs, 

enabling organizations to anticipate fluctuations in raw material prices, labor expenses, and other key variables. This 

proactive approach allows for better risk mitigation and strategic planning, ultimately leading to more robust financial 

management. Automation is another pivotal aspect of AI in product cost management. Automated processes reduce 

human error in cost calculations, freeing up valuable time for cost engineers to focus on strategic analysis and decision-

making. Real-time monitoring facilitated by AI ensures that businesses can quickly respond to changes in the market or 

supply chain, optimizing production costs dynamically.(30) 

 

II. CONCLUSION 

Throughout the pharmaceutical lifecycle, artificial intelligence (AI) is having a revolutionary effect on drug 

development. The whole drug development process benefits from AI's efficiency, creativity, and precision, which 

ranges from finding possible therapeutic targets to streamlining manufacturing procedures. The study offers a thorough 

analysis, separating down AI methods and showing their historical development. With the use of artificial intelligence, 

de novo drug creation adopts a proactive and creative strategy that prioritizes variety and creates unique chemical 

structures. Compound development is accelerated by the revolutionary design and optimization of synthesis pathways 

made possible by AI's participation in synthesis planning. Anticipating the future, artificial intelligence (AI) in drug 

development holds the potential with a focus on customized medicine, cooperative synergy between AI and human 

researchers, and the quicker identification of therapeutic targets.  
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