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ABSTRACT 

Artificial intelligence (AI) has emerged as a powerful tool in the field of natural product 

research, offering innovative approaches to drug discovery and development. This 

comprehensive review explores the advancements and applications of AI in natural product 

research, aiming to provide insights into its transformative potential and current challenges. 

Through an extensive analysis of existing literature, this review examines the role of AI in 

various stages of natural product research, including data analysis, compound identification, 

and drug design. Additionally, it discusses the implications of AI integration for therapeutic 

development and its impact on addressing global health challenges. Despite significant 

progress, challenges such as data quality and interpretability persist, highlighting the need 

for continued research and innovation in this rapidly evolving field. 
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INTRODUCTION 
Natural products, derived from plants, animals, and microorganisms, have long been a 

valuable source of therapeutic compounds in medicine [1]. However, the traditional methods 

of natural product discovery are time-consuming, labor-intensive, and often yield limited 

success. In recent years, the integration of AI technologies has revolutionized the field by 

offering novel approaches to expedite the discovery process and enhance the identification of 

bioactive compounds. 

 

The escalating global health crisis, marked by the prevalence of both communicable and non-

communicable diseases, presents a formidable challenge to public health worldwide. Despite 

significant strides in medication development for ailments such as HIV/AIDS, malaria, 

hypertension, diabetes, and cancer, these maladies persist with devastating consequences and 

high mortality rates [1]. Traditional pharmaceutical research and development (R&D) 

paradigms, primarily focused on creating "blockbuster" drugs, have proven inadequate in 

addressing this crisis, necessitating innovative approaches to drug discovery [2]. One such 

approach involves a return to nature, drawing inspiration from historical successes. 

Anticancer drugs like Taxol (from Taxus brevifolia) and Vinblastine (from Catharanthus 

roseus), as well as antimalarial drugs like quinine (from Cinchona spp.) and Artemisinin 

(from Artemisia annua), were all derived from natural products and have demonstrated 

efficacy in treating these diseases [3]. Hence, natural products R&D holds promise in 

uncovering new and innovative drugs to combat the global public health crisis [4]. 
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The integration of artificial intelligence (AI) into natural product research represents an 

emerging frontier with transformative potential in drug discovery [5]. AI algorithms can 

analyze vast datasets, discern patterns, and make predictions, expediting the identification of 

new compounds with therapeutic potential [6]. Virtual screening, a key application of AI in 

natural products research, involves computationally screening extensive compound libraries 

to identify candidates with specific biological activities [7]. This approach significantly 

accelerates screening processes, thereby reducing time and costs while enhancing the 

likelihood of discovering novel drugs. Additionally, machine learning algorithms can predict 

the properties of new compounds, such as toxicity and pharmacokinetics, guiding drug 

development efforts and prioritizing compounds with the highest likelihood of success [8]. AI 

holds the promise of revolutionizing natural product research, expediting drug discovery, and 

addressing the pressing global health challenges [2]. 

 

The utilization of natural products in drug discovery capitalizes on their structural and 

chemical diversity, offering a vast repertoire of potential therapeutic compounds [9]. 

Moreover, these compounds have undergone millions of years of evolution, adaptation, and 

survival in their ecological niches, rendering them robust and stable candidates for drug 

development [4]. This stability is imperative, as unstable or toxic compounds are unsuitable 

for clinical use. Notably, a significant proportion of FDA-approved drugs are derived from 

natural products, underscoring their efficacy and safety profiles [10]. Leveraging nature's 

pharmacopeia holds immense promise in improving global health outcomes and mitigating 

the public health crisis. 

 

Advancements in AI For Natural Product Research  
Artificial intelligence encompasses a range of technologies, including machine learning, deep 

learning, and natural language processing, which are increasingly being applied to natural 

product research. Machine learning algorithms, in particular, have shown promise in 

analyzing large datasets of chemical structures and biological activities, enabling the rapid 

identification of potential drug candidates [11]. Deep learning models, such as neural 

networks, have demonstrated remarkable accuracy in predicting the bioactivity of natural 

products, guiding researchers in the selection of promising compounds for further study [12]. 

 

AI in Data Analysis for Natural Product Discovery and Development 

Artificial Intelligence (AI) has significantly influenced the field of natural product discovery 

and development [13]. AI algorithms play a crucial role in analyzing vast amounts of 

chemical data, enabling the detection of patterns and relationships that would otherwise be 

challenging to discern [14]. A key application of AI in this domain involves analyzing 

chemical structures to uncover potential new natural products. For instance, [15] utilized 

machine learning algorithms to sift through a large database of known natural products, 

identifying novel structures with potential biological activity. By automating data analysis, AI 

algorithms can swiftly and accurately pinpoint potential new natural products, surpassing 

traditional methods [16]. Moreover, AI algorithms can uncover novel structures that may 

have eluded detection using conventional approaches, thus facilitating the discovery of 

natural products with therapeutic potential [17]. AI's impact on natural product discovery and 

development, particularly in chemical structure analysis, has been profound. By automating 

data analysis, AI algorithms have the capacity to expedite the process of natural product 

discovery and development, identifying novel compounds with therapeutic promise [18]. 

 

AI in High-Throughput Screening 
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Another significant application of AI in natural product research is the analysis of high-

throughput screening data, a technique employed to evaluate numerous compounds for 

specific biological activities [19]. However, analyzing the extensive datasets generated from 

these screenings can be laborious and time-consuming. AI algorithms offer a solution by 

efficiently analyzing data, identifying promising compounds, and prioritizing them for further 

investigation [20]. For example, Pfizer developed a Bayesian cytotoxicity forecasting model 

by aggregating data from multiple assays conducted in their facilities and the literature, 

covering approximately 100,000 chemicals [21]. Given the large volume of biological data 

produced during high-throughput screening, robust storage databases are essential for 

developing computational models [22]. The utilization of AI in chemical structure analysis 

holds promise for accelerating the natural product discovery and development process [23]. 

 

AI for Computer-Aided Drug Design  

In the past, the development of novel medications was accomplished through empirical 

observations of the effects of natural materials for known disorders and random drug 

screening [24]. Even though it was ineffective, this random screening method helped to 

identify several significant substances up until the 1980s. High-throughput screening (HTS), 

which is appropriate for automating the screening procedure of many thousands of 

compounds against a molecular target or cellular assay extremely fast, has improved this 

approach as of late. This procedure is generally time-consuming, exhausting, and expensive. 

Typically, a new drug's development costs between $1 and USD 2 billion and takes 10 to 17 

years [25]. The creation of novel biologically active chemicals can be improved, and the time 

and money required to create a new drug are reduced, thanks to the usage of CADD. Thus, 

the development of structural-based virtual screening has advanced the process of 

discovering new drugs and has been recognized as one of the most promising in silico 

methods for developing new natural drugs [26]. 

 

AI for Assessing the Effectiveness of Natural Products 

Recent advancements in artificial intelligence, particularly in the field of deep learning, 

enable informed predictions based on comprehensive knowledge and patterns [27]. The 

abundance of data on the functions of natural products provides a unique opportunity to 

leverage the latest developments in deep learning to address the significant challenge of 

predicting biological activity based on the chemical structure of these products [28].  Through 

the analysis of extensive data on natural products, AI holds the potential to reveal meaningful 

relationships and logical connections between the chemical structures of these products and 

their efficacy against specific diseases [29].  AI has the capability to make predictions based 

on patterns and knowledge that may not be immediately evident to researchers. By harnessing 

these predictions, scientists can streamline their research efforts and focus on compounds 

most likely to exhibit therapeutic activities, thus enhancing the efficiency of the discovery 

process [30]. The integration of AI into natural product research has the transformative 

potential to deepen our understanding of these compounds and facilitate the identification of 

new compounds with therapeutic potential [12]. By leveraging the latest advancements in 

deep learning, we can unlock the full potential of natural products and effectively address the 

global public health crisis. 

 

Applications of AI In Natural Product Research  
AI is being utilized across various stages of natural product research, from data analysis to 

drug design. High-throughput screening, a technique used to evaluate the biological activities 

of large compound libraries, can be significantly enhanced with AI-driven approaches [19]. 
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By analyzing vast amounts of screening data, AI algorithms can identify compounds with 

desired pharmacological properties, accelerating the drug discovery process [16]. 

Additionally, AI-powered virtual screening methods have been developed to predict the 

interactions between natural products and biological targets, facilitating the identification of 

potential lead compounds [31]. 

In recent years, AI has found widespread application in both the pharmaceutical and 

biological sectors, offering more efficient and automated processes that integrate predictive 

and data-driven judgments [11]. By exploring nature anew, opportunities arise to discover 

novel compounds with potential therapeutic benefits, leading to the development of drugs 

that can enhance global health and well-being [12]. This approach holds promise for 

addressing the global public health crisis and positively impacting the lives of millions 

worldwide [32]. AI contributes significantly to the identification of new natural products by 

employing computational methods to search for compounds with specific properties [31]. 

Through machine learning algorithms, AI can forecast the properties of novel compounds, 

such as toxicity, solubility, and bioactivity, based on known compound structures and 

chemical characteristics [33]. Such insights aid in prioritizing compounds for further 

investigation, thereby expediting the drug discovery process [1]. In contemporary drug 

discovery, computer-aided methods, including machine learning and deep neural network 

techniques, play a pivotal role in expediting the identification of lead compounds, exploring 

off-target effects, and dereplicating new drugs derived from natural products [34]. These 

methods expand the chemical space exploration, harnessing natural and nature-inspired 

products for pharmaceutical purposes, including structure- and ligand-based high-throughput 

virtual screening [6]. 

 

Continual innovation in techniques and algorithms drives the swift and cost-effective 

identification of acceptable natural products. Notably, the integration of AI and computational 

chemistry has significantly enhanced the success rate of drug development, offering diverse 

and effective algorithms to refine predictions related to natural products [35]. However, 

despite its potential benefits, AI in natural product research faces several challenges. Chief 

among these is the scarcity of large, diverse datasets suitable for training AI algorithms [36]. 

Efforts are underway to digitize natural product data and devise novel data-driven approaches 

for AI algorithm training. Additionally, ensuring the quality and reliability of data used for AI 

algorithm training remains crucial [35]. Interpreting AI models poses another significant 

challenge, as predictions often rely on complex algorithms, hindering validation and practical 

application [37]. To address this, researchers are developing new, more interpretable AI 

algorithms capable of handling complex natural product data. These efforts include the 

advancement of deep learning algorithms and the adoption of explainable AI (XAI) 

algorithms, offering insights into prediction rationales [38]. 

 

Challenges and Future Directions  
Despite the promising applications of AI in natural product research, several challenges 

remain. Data quality, availability, and interpretability are critical issues that need to be 

addressed to ensure the reliability of AI-driven predictions. Furthermore, the integration of AI 

into the drug development pipeline requires interdisciplinary collaboration between computer 

scientists, chemists, biologists, and clinicians. Future research efforts should focus on 

overcoming these challenges and developing innovative AI-driven approaches to expedite the 

discovery of novel therapeutics from natural sources [39]. 

 

CONCLUSION  
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In conclusion, the integration of artificial intelligence in natural product research holds 

immense potential for revolutionizing drug discovery and development. By harnessing the 

power of AI technologies, researchers can accelerate the identification of bioactive 

compounds, optimize drug design processes, and address global health challenges more 

effectively. However, continued research and innovation are essential to overcome existing 

challenges and fully realize the transformative potential of AI in natural product research. 

The convergence of natural product research and artificial intelligence represents a paradigm 

shift in drug discovery, offering unprecedented opportunities to address the burgeoning global 

health crisis. By harnessing the inherent diversity and evolutionary resilience of natural 

products, coupled with the predictive power of AI algorithms, researchers stand poised to 

unlock novel therapeutic compounds with transformative potential. Embracing this 

interdisciplinary approach holds the key to developing innovative treatments that can 

alleviate human suffering and foster healthier societies. 

 

Despite these constraints, the utilization of AI in natural product research shows considerable 

potential for advancing the field. By capitalizing on the latest advancements in AI and 

machine learning, researchers can continuously extend the limits of discovery in identifying 

new natural products with therapeutic properties. Given the increasing global demand for 

inventive solutions to public health issues, the integration of AI in natural product research 

emerges as a pivotal and captivating domain of exploration poised to yield substantial 

impacts in the foreseeable future. 
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