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Abstract With the rapid development of technology, the application of artificial intelligence (Al) in the field of drug discovery is
becoming increasingly widespread, bringing unprecedented opportunities and challenges to drug research and development. This
study summarizes the main applications of Al in drug discovery, including molecular design and drug screening, optimization of drug
development processes, as well as clinical trial design and data analysis. It also explores the opportunities of Al in drug discovery,
including accelerating the process of drug discovery and research and development, improving the accuracy and effectiveness of
drugs, and reducing research and development costs and risks. These opportunities make Al an important force in promoting the
progress of drug research and development. However, Al also faces some challenges in drug discovery, requiring us to fully utilize Al
technology while also paying attention to its potential risks and challenges to ensure its healthy development in drug discovery.
Artificial intelligence has demonstrated tremendous potential and value in drug discovery, bringing unprecedented opportunities to
drug research and development. However, we should also maintain a rational and cautious attitude, conducting thorough research and
addressing the challenges faced by Al in drug discovery to ensure that it can better contribute to human health.

Keywords Artificial intelligence (AI); Drug screening; Opportunities and challenges

The rapid development of artificial intelligence (Al) is bringing revolutionary changes to various fields, and the
field of medicine is no exception. Especially in drug discovery and research and development, the application of
artificial intelligence technology is gradually changing the traditional research and development model, providing
new possibilities for the discovery of new drugs. This study aims to explore the application of artificial
intelligence in drug discovery, as well as the opportunities and challenges it presents. The application of artificial
intelligence technology in the field of medicine has become a hot topic (Ekins et al., 2019). From medical imaging
diagnosis to personalized treatment formulation, to drug discovery and research and development, the application
of artificial intelligence is providing unprecedented support and assistance to health care. Especially in the field of
drug discovery, the application of artificial intelligence technology is increasingly becoming the focus of attention.

The application of artificial intelligence in drug discovery can be traced back decades, but in recent years, with the
continuous advancement of technology and the accumulation of large amounts of data, its application scope and
effectiveness have been greatly improved. From early drug screening and design to today's molecular simulation
and virtual screening, Al technology is already playing an important role in all aspects of drug discovery. With the
continuous maturity of deep learning and other technologies, the application prospect of artificial intelligence in
drug discovery is broader. This study aims to comprehensively understand the application status of artificial
intelligence in drug discovery and analyze the opportunities and challenges brought by it. Xu et al. (2019) hope to
reveal the potential and limitations of artificial intelligence technology in the field of drug discovery through
comprehensive research on existing literature and cases, so as to provide reference and reference for future
research and practice. At the same time, we also expect to contribute to accelerating the drug discovery process
and improving the efficiency and success rate of new drug research and development, so as to better serve the
cause of human health.

1 Application in Drug Discovery
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1.1 Molecular design and drug screening

Campillos et al. (2008) believe that molecular design is a key step in the drug discovery process, with the goal of
finding molecular structures with specific biological activities. Traditional methods of molecular design, which
rely mainly on the expertise and experience of chemists, are inefficient. Al technology can learn from large
amounts of compound data and predict the biological activity of molecules through methods such as deep learning
and machine learning, thereby assisting chemists to quickly screen potential drug candidates. Deep neural
networks have been successfully applied to predict the biological activity of molecules. These models can predict
the biological activity of new molecules by learning the structural characteristics of known active molecules, thus
screening potential drug candidates. In addition, molecular generation methods based on generative adversarial
networks (Gans) can also automatically generate molecular structures with specific biological activities, further
expanding the scope of drug screening.

The advantages of Al technology in drug research and development are first reflected in its powerful computing
power. Ching et al. (2018) Using deep learning and big data analysis, Al can simulate the interaction between
molecules and biological targets, and predict the way and effect of combining drugs with organisms. This
predictive ability allows researchers to make an initial assessment of a drug's effects before a trial, and thus to
identify the most likely candidates for success. This not only greatly shortens the drug development cycle, but also
reduces the cost of research and development. In addition to molecular design and drug screening, Al also plays
an important role in other drug development processes. In the field of bioinformatics, Al technology can process
massive genomics, proteomics and other big data to help researchers reveal the mechanism of drug action and
targets. The understanding of these mechanisms provides a clearer direction and goal for drug development, and
further improves the success rate of drug development (Figure 1).
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Figure 1 Analysis and screening of the drugs were performed using the Al software
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1.2 Optimization of drug development process

Huang et al. (2019) proposed that Al could not only play a role in drug screening and molecular design, but also
optimize the entire drug development process. The process of drug development involves many steps, including
the synthesis of compounds, the testing of biological activity, and the study of pharmacokinetics. Al technology
can improve the efficiency of drug development by optimizing these links. In terms of compound synthesis, Al
can reduce the number and cost of experiments by predicting the synthesis route of compounds. The traditional
drug discovery process is often a linear, progressive process, and the introduction of Al makes this process more
flexible and efficient. Al can predict the possible results of the next experiment by analyzing the existing
experimental data, so as to provide guidance for the experimenter and reduce ineffective experimental attempts.
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Blanco-Gonzalez et al. (2023) introduced that the predictive model based on the graph neural network can
automatically plan the optimal synthesis route according to the structure of the target molecule. In terms of
biological activity testing, Al can reduce the number of experiments necessary by building predictive models.
These models can predict the biological activity of compounds based on their structural characteristics, thus
screening drug candidates for further experimental validation. In terms of pharmacokinetic research, Al can also
predict the efficacy and safety of drugs, and predict the absorption, distribution, metabolism and excretion
processes of drugs in the body by analyzing a large number of experimental data, providing a basis for the optimal
design of drugs. Help researchers screen potential drug candidates at an early stage, reducing the risk and cost of
late-stage clinical trials. Another important role is to provide data support and analysis. In the process of drug
development, a large amount of experimental data is generated, including the structure, biological activity,
pharmacokinetics and so on. Al can deeply mine and analyze these data, find the correlation and rule between the
data, and provide a more comprehensive and in-depth understanding of drug development (Figure 2).
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Figure 2 Through the optimization process of Al drug development

1.3 Application of artificial intelligence in clinical trial design and data analysis

Clinical trials are an integral part of the drug development process. However, the design and implementation of
clinical trials often face many challenges, such as the determination of sample size, the optimization of trial design,
and the complexity of data analysis. In terms of clinical trial design, Al can provide the optimal trial design
scheme according to the characteristics of diseases and the nature of drugs (Aliper et al., 2016). For example,
using Al algorithms to accurately calculate the sample size can reduce unnecessary sample waste while ensuring
the reliability of test results. In addition, Al can also control and adjust various variables in the test process to
ensure the smooth progress of the test.

In terms of data analysis, Al can efficiently process and analyze the massive data generated by clinical trials.
Traditional data analysis methods are often difficult to cope with such a huge amount of data, but Al algorithms
can complete the data cleaning, integration and analysis in a short time, so as to provide a more accurate and
comprehensive interpretation of the test results. In addition, Al can also predict and simulate trial data to provide
deeper understanding and guidance for drug development. Gupta et al. (2021) discuss the critical role of artificial
intelligence, particularly artificial neural networks such as deep neural networks or recurrent networks, in drug
discovery. Emphasis is placed on the significant impact of Al in quantitative structure-property relationships
(QSPR) or quantitative structure-activity relationships (QSAR). Al's ability to design from scratch demonstrates
its strength in generating new bioactive molecules with desired properties (Figure 3).
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Applications of Big Data For Drug Designing and Discovery I

ChemSpider Properties and Identifiers
PubChem ChEMBL H-Bond H-Bond
BindingDB %’NC Physiochemical -.:.,“u Donor Acceptor

Data

>

Pharmacological
Data

o
Soaunnoo? | Molecular Weight
\LLLLL

Melting AlogP
Point
Assay Description

Activity Type and SMILES
Value

A

CHEMICAL COMPOUND Filtering of
DATABASE Compounds

Classification Neural
] Network Machine Learning Drug-
|_¢_| Models Likeness
Clustering
oo o <N /ADMET>
Support Vector. - W W
Machine I_l_l
®

Toxicity
Prediction

Hierarchical Sorting

v

Quantitative-Structure
Activity Relationship (QSAR)
or

Pharmacophore Modelling Molecular Dynamic

Simulations (MDS)

Visual
IN-VITRO AND IN-VIVO Inspection
EXPERIMENTS c o

O Drug-Protein Interactions Selection

Q Drug Bioavailability CQ// >
Q Polypharmacology <Z . /\\f\\/’ )
.

Protein Ligand
‘ Molecular Docking and ‘

QO Drug Monitoring
U Drug Dosage Experimental

Validation 1. Binding Energy Calculation

2. Active Sites Identification

Figure 3 Application of big data in drug design and discovery

2 Opportunities for Al in Drug Discovery

2.1 Accelerate the drug discovery and development process

The traditional drug discovery process is a long and complex journey involving a large number of experiments
and data analysis. Researchers need to select bioactive drug candidates from tens of thousands of compounds, and
then conduct in-depth clinical trials to determine the safety and effectiveness of the drug. This process is not only
time-consuming, but also costly. However, with the introduction of Al technology, the efficiency of drug
discovery has been significantly improved. Al has strong deep learning and data mining capabilities, which can
extract useful information from massive biomedical data. These data, including gene sequences, protein structures,
disease pathogenesis, etc., are crucial for drug development. By deeply analyzing this data, Al can provide
researchers with more precise research directions, reducing blindness and repetitive labor.

Jimeno and Gaulton (2018) proposed that Al-based predictive models can quickly screen potential drug candidates
by analyzing the structural characteristics and biological activity of compounds, greatly reducing experimental
steps and improving research and development efficiency. At the same time, Al technology can also automate and
optimize the steps of drug synthesis. Through intelligent algorithms, Al can predict and optimize the synthetic
route of compounds, reducing the number and cost of experiments, and further shortening the cycle of drugs from
development to market. In addition, the application of Al in drug discovery is also reflected in the field of
personalized medicine. By deeply analyzing patients' genetic information and disease data, Al can tailor
personalized treatment programs to patients, improving treatment outcomes and quality of life. This concept of
precision medicine is gradually changing the traditional drug research and development model, bringing broader
development prospects for the pharmaceutical industry.
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2.2 Improve the accuracy and effectiveness of drugs

The application of Al technology in drug discovery can also significantly improve the accuracy and effectiveness
of drugs, and bring better treatment results to patients. LeCun (2015) showed that, on the one hand, Al can
accurately predict the efficacy and side effects of drugs in different patient groups by analyzing a large number of
patient data, providing strong support for individualized treatment. This concept of precision medicine is expected
to help doctors develop more accurate treatment plans for patients, improve treatment effectiveness, and reduce
unnecessary drug side effects.

Mayr and Klambauer (2018) argue that Al technology can also predict the biological activity of drugs by
simulating their interactions with biomolecules. This prediction is far more accurate than traditional methods and
can significantly improve the success rate of drug development. At the same time, Al technology can also predict
and evaluate the safety of drugs, reducing the risk of drug development. The application of artificial intelligence in
the field of drug discovery has brought unprecedented opportunities for drug development. By accelerating the
process of drug discovery and research and development, and improving the accuracy and effectiveness of drugs,
Al technology is expected to bring revolutionary changes to the pharmaceutical industry and make greater
contributions to human health.

2.3 Reduce R&D costs and risks

Li et al. (2023) pointed out in their study that although drug research and development is a costly and risky
activity, the application of Al technology can effectively reduce these costs and risks. Through its efficient
screening and prediction capabilities, Al technology reduces the number of ineffective trial attempts and failed
clinical trials, saving significant amounts of money for drug development. In addition, Al's role in real-time
monitoring and analysis of experimental data helps researchers identify and solve problems in a timely manner
and prevent losses caused by experimental failures.

Koza et al. (2023) further explore how Al can mitigate R&D risks by deeply mining and analyzing existing data to
open up new drug development ideas and strategies. In addition to the economic benefits, they also pointed out
that the use of Al in the drug development process promotes cooperation and innovation across disciplines,
infuses more inspiration and possibilities for drug development by integrating knowledge and technology from
different fields, and promotes the continuous development and progress in the field of drug discovery. Al not only
plays an important role in reducing the economics and risks of drug discovery, but also shows great potential in
promoting scientific innovation and cross-field collaboration, providing new directions and strategies for future
drug discovery.

3 The Challenge of Al in Drug Discovery

3.1 Data quality and privacy protection

In the field of drug discovery, one of the challenges facing Al is inconsistent data quality and privacy issues. The
quality of physical medicine data, chemical data and clinical data directly affects the training effect of Al models
and the accuracy and reliability of the predicted results. Issues such as missing data, inaccurate labeling, and bias
have become major obstacles to the application of Al in drug discovery.

The study of Schneider et al. (2018) also emphasized that with the accumulation and application of a large amount
of sensitive data, how to effectively protect data privacy has become an urgent issue. Patient data and clinical trial
data involved in drug development often contain information about patient privacy, and the challenge is how to
ensure data security while achieving effective sharing and utilization of data.

Weber et al. (2019) also discuss the importance of data privacy protection in Al applications, especially when
dealing with sensitive data involving personal health information. They explored the use of advanced encryption
techniques and anonymization methods to address the balance between data sharing and privacy protection,
emphasizing the importance of promoting data sharing while ensuring that individual privacy is not violated.
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3.2 Interpretability and transparency

In drug discovery, model interpretability and transparency pose one of the key challenges. Miller et al. (2019) note
that the Al models on which drug discovery relies are often built based on deep learning and neural network
techniques. The models created by these technologies often exist as "black boxes" whose inner workings and
decision-making processes are difficult to understand intuitively, and this lack of interpretability and transparency
can undermine trust and acceptance of the models' predictions.

In their study, Wilson and Martinez (2020) discuss the importance of increasing the interpretability and
transparency of Al models in the field of drug discovery. In the drug discovery process, a clear understanding of
the model's predictions and recommendations is essential, as it is the basis for subsequent validation and
experimental activities. Meanwhile, Wilson and Martinez (2020) explore various approaches and techniques to
enhance the interpretability and transparency of Al models in drug discovery applications. Together, they reveal
the challenges of interpretability and transparency of Al models in drug discovery and highlight the need to
enhance these attributes. This involves not only technical improvements, but also in-depth understanding and
interpretation of the model's decision logic, thus enhancing the application value and practicality of the model in
drug discovery. Addressing this challenge is critical to building trust in model predictions and facilitating
advances in drug discovery.

3.3 Ethical and legal issues

With the widespread use of artificial intelligence (Al) in drug discovery, ethical and legal issues are emerging.
Drug development is a complex and sensitive process that involves large amounts of personal information and
clinical trial data. The legitimate access and use of these data is directly related to the rights of patients and the
credibility of research. Therefore, it is essential to comply with relevant privacy protection laws and regulations.

The study by Hessler et al. (2022) delves into this issue and highlights the importance of compliance with privacy
protection laws and regulations. They pointed out that in the process of drug development, the personal privacy
information involved includes patients' identity information, health status, genetic information, etc., and the
disclosure of these information may bring serious consequences to patients, such as identity theft and
discrimination. Ensuring the legitimacy of data is not only a legal requirement, but also the key to maintaining
patient trust and willingness to participate in research. In practice, drug discovery organizations need to take a
number of measures to ensure the legitimacy and security of data, and must comply with relevant privacy laws
and regulations, such as the European Union's General Data Protection Regulation (GDPR) and the U.S. Health
Insurance Mobility and Accountability Act (HIPAA). These laws have made clear provisions on the collection,
storage, use and sharing of data, providing legal protection for drug research and development institutions.

In the study of Sun et al. (2021), the intellectual property and patent issues that may be encountered when
artificial intelligence is applied in drug discovery are discussed. Because drug development involves a large
number of technological innovations and patent applications, how to protect the intellectual property of research
and development results becomes a challenge, highlighting the need to develop a clear IP protection strategy and
rational use of the patent system. The drug development process also requires strict adherence to ethical codes and
ethical standards to ensure legal compliance with research. This includes, but is not limited to, ensuring informed
patient consent, safeguarding the well-being of research subjects, and reasonably sharing research results.
Solutions to the ethical and legal challenges that must be faced when using Al for drug discovery are critical to
ensuring the legitimacy of scientific research, protecting patient rights, and promoting scientific and technological
innovation.

4 Future and Outlook

The application of artificial intelligence in drug discovery has made remarkable progress. Through molecular
design and drug screening, optimization of the drug development process, and the application of Al in clinical trial
design and data analysis, Al technology has become an important tool for accelerating drug discovery and
development. Many research institutions and biotechnology companies are actively exploring the application of
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Al in drug discovery, and have achieved a series of encouraging results (Du et al., 2022). However, Al still faces a
number of challenges in drug discovery, including data quality and privacy protection, interpretability and
transparency, and ethical and legal issues. Addressing these challenges requires interdisciplinary cooperation and
joint efforts, including strengthening data quality control and privacy protection mechanisms, improving the
interpretability and transparency of Al models, and complying with relevant ethical norms and laws and
regulations.

In the face of the many challenges in the field of drug discovery, international cooperation and sharing of data
resources have become particularly important. Governments, research institutions and companies should work
together to develop data standards and sharing agreements, and establish mechanisms for sharing data across
national borders. An open data platform and database should be established to integrate and share various types of
drug research and development data to provide broader data resource support for global drug discovery research
(Liang et al., 2020). In addition, international personnel exchanges and cooperation should be strengthened to
jointly train and introduce researchers with interdisciplinary backgrounds and Al expertise, and promote the
innovative application of Al in drug discovery. In the future, the application of Al in drug discovery will show the
following trends. Al technology will be more popular and mature, including deep learning, transfer learning,
reinforcement learning and other technologies will be more widely used, and combined with traditional drug
discovery methods, to achieve more efficient drug screening and optimization. The application of personalized
medicine and precision medicine therapy will be more prominent. Through the analysis of patients' genomic data,
clinical manifestation data and drug metabolism data, combined with artificial intelligence technology,
personalized drug compatibility and treatment plan design can be achieved to improve the accuracy and
effectiveness of drug therapy.

Applications in clinical trial design and data analysis will also be further strengthened. By simulating clinical trial
process, optimizing sample selection and data analysis methods, improve the efficiency and success rate of
clinical trials, and accelerate the marketing and clinical application of new drugs. The application of drug safety
evaluation and drug side effect prediction will also become a research hotspot in the future. By integrating various
types of biomedical data and pharmaceutical chemistry data, combined with artificial intelligence technology,
rapid prediction and evaluation of drug safety and side effects can be achieved to provide a more comprehensive.
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