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ABSTRACT 

Natural bioactive compounds derived from plants, microorganisms, and 

marine organisms have long been important sources for drug discovery. 

However, traditional discovery methods are slow, expensive, and limited by 

complex chemical diversity and biological variability. Artificial intelligence 

(AI) has recently emerged as powerful tool to accelerate natural product 

research by enabling efficient compound identification, activity prediction, 

biosynthetic pathway analysis, and lead optimization. AI techniques such as 

machine learning, deep learning, and data mining can analyze large chemical 

and biological datasets to discover new bioactive molecules with therapeutic 

potential. This review discusses role of AI in natural bioactive compound 

discovery, including data sources, molecular representation, predictive 

modeling, virtual screening, and systems biology integration. Applications in 

antimicrobial, anticancer, and anti-inflammatory compound discovery are 

summarized. Challenges including data quality, interpretability, and 

integration with experimental validation are also highlighted. AI-assisted 

natural product discovery can significantly reduce time and cost in drug 

development and enable identification of novel therapeutic agents from 

nature. 

 

KEYWORDS: Artificial intelligence, natural products, bioactive compounds, 
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INTRODUCTION 

Natural products have historically been one of most important sources of therapeutic agents. 

Many widely used drugs such as antibiotics, anticancer agents, and anti-inflammatory 

compounds originate from plants, fungi, bacteria, or marine organisms. These natural 

bioactive compounds possess diverse chemical structures and biological activities that make 

them attractive drug leads. 

 

Despite their potential, discovery of natural bioactive molecules is challenging. Natural 

extracts contain thousands of compounds, often in very small quantities. Traditional 

bioassay-guided isolation is time-consuming and labor intensive. Structural elucidation and 

activity screening require extensive experimental work. In addition, rediscovery of known 

compounds is common problem in natural product research. 

 

Artificial intelligence (AI) provides new opportunities to overcome these limitations. AI 

algorithms can analyze large chemical datasets, predict biological activity, identify 

biosynthetic gene clusters, and guide targeted isolation. By integrating computational 

prediction with experimental validation, AI-assisted discovery can accelerate identification of 

new natural bioactive compounds. 

 

This review explores principles, methods, and applications of AI in discovery of natural 

bioactive molecules and highlights future prospects in pharmaceutical research. 

 

NATURAL BIOACTIVE COMPOUNDS IN DRUG DISCOVERY 

Natural bioactive compounds are chemically diverse secondary metabolites produced by 

living organisms such as plants, microorganisms, and marine species. Unlike primary 

metabolites that are essential for growth and metabolism, secondary metabolites mainly serve 

ecological roles including defense against predators, microbial competition, UV protection, 

and signaling. These molecules often interact with biological targets in other organisms, 

which makes them valuable pharmacologically active agents. 

 

Historically, natural compounds have contributed significantly to modern therapeutics. Many 

important drugs such as antibiotics, anticancer agents, analgesics, immunosuppressants, and 

antimalarials originate directly or indirectly from natural sources. The structural complexity, 
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stereochemical diversity, and biological specificity of natural metabolites provide unique 

scaffolds that are difficult to obtain by synthetic chemistry alone. Because of this, natural 

products continue to be a major inspiration for drug discovery and medicinal chemistry. 

 

Major classes of natural bioactive compounds include alkaloids, terpenoids, flavonoids, 

phenolics, polyketides, glycosides, and peptides. These compounds exhibit wide range of 

pharmacological activities such as antimicrobial, anticancer, antioxidant, anti-inflammatory, 

antiviral, and neuroprotective effects. Their biological activity arises from ability to interact 

with enzymes, receptors, ion channels, or nucleic acids in living systems. 

 

SOURCES OF NATURAL BIOACTIVE COMPOUNDS 

Natural bioactive molecules are obtained from several biological sources, each having 

distinct biosynthetic pathways and chemical diversity. Exploration of different ecological 

niches has continuously expanded the chemical space available for drug discovery. 

 

Plants 

Plants are one of the richest and most extensively studied sources of bioactive compounds. 

Medicinal plants synthesize secondary metabolites to defend against herbivores, pathogens, 

and environmental stress. Different plant parts including roots, leaves, bark, seeds, flowers, 

and fruits contain characteristic phytochemicals. 

 

Plant-derived compounds include alkaloids (e.g., morphine-like molecules), flavonoids, 

tannins, saponins, terpenoids, and phenolic acids. These phytochemicals show wide 

pharmacological properties such as antioxidant, anticancer, antimicrobial, hepatoprotective, 

and anti-inflammatory activities. Traditional medicinal systems such as Ayurveda, 

Traditional Chinese Medicine, and folk medicine provide valuable knowledge for selecting 

plants with therapeutic potential. However, phytochemical composition varies depending on 

species, geography, climate, and harvesting conditions, which adds complexity in drug 

discovery. 

 

Microorganisms 

Microbial natural products have revolutionized modern medicine, particularly antibiotics and 

anticancer drugs. Bacteria, fungi, and actinomycetes produce secondary metabolites that help  
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them compete in ecological environments. Microbial metabolites include polyketides, non- 

ribosomal peptides, β-lactams, macrolides, and aminoglycosides. 

 

Actinomycetes, especially Streptomyces species, are well-known producers of clinically 

important antibiotics and anticancer agents. Fungal metabolites also include 

immunosuppressants and cholesterol-lowering compounds. Microbial fermentation allows 

scalable production of bioactive compounds, making microorganisms attractive drug sources.  

 

Advances in genome mining have revealed that many microbes contain silent biosynthetic 

gene clusters capable of producing unknown metabolites, indicating vast untapped chemical 

diversity. 

 

Marine Organisms 

Marine ecosystems contain unique environmental conditions such as high pressure, salinity, 

and low light, leading to evolution of unusual secondary metabolites not found in terrestrial 

organisms. Marine organisms including algae, sponges, tunicates, mollusks, and corals 

produce structurally novel compounds with potent biological activity. 

 

Marine natural products often show strong anticancer, antiviral, anti-inflammatory, and 

neuroactive properties. Many compounds possess halogenated structures, macrocycles, and 

complex stereochemistry. Marine microorganisms associated with invertebrates are also 

important producers of bioactive metabolites. However, marine drug discovery faces 

challenges such as limited biomass availability, ecological sustainability concerns, and 

difficulties in cultivation. 

 

Endophytes 

Endophytes are microorganisms that live symbiotically within plant tissues without causing 

disease. These microbes can produce the same or similar bioactive compounds as their host 

plants. Endophytic fungi and bacteria are increasingly recognized as promising sources of 

natural products. 

 

Endophytes synthesize alkaloids, terpenoids, peptides, and polyketides with antimicrobial, 

anticancer, and antioxidant properties. They offer advantages such as easier cultivation and 
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sustainable production compared to harvesting rare plants. Many plant-derived drugs have 

been found to originate from associated endophytic microbes rather than the plant itself. 

Therefore,exploration of plant microbiomes is becoming important strategy in natural product 

discovery. 

 

CHALLENGES IN TRADITIONAL NATURAL PRODUCT DISCOVERY 

Despite rich chemical diversity and therapeutic value, discovery of natural bioactive 

compounds using conventional methods is slow and complex. Natural extracts often contain 

thousands of compounds in trace amounts, and isolation of active molecules requires 

extensive fractionation and bioassay testing. Several major challenges are encountered in 

traditional natural product research. 

 

Complex Mixtures and Low Compound Concentration 

Natural extracts are chemically complex mixtures containing numerous metabolites with 

varying polarity and stability. Active compounds may be present in very low concentration, 

making detection and purification difficult. Multiple chromatographic steps are often required 

to isolate a single compound, which increases time and cost. 

 

Re-Isolation of Known Molecules 

One major limitation in natural product screening is rediscovery of already known 

compounds. Many organisms produce common metabolites that have been previously 

characterized. Without efficient dereplication methods, researchers may spend significant 

effort isolating compounds that lack novelty, reducing productivity in drug discovery 

programs. 

 

Difficult Structural Characterization 

Natural compounds frequently possess complex stereochemistry, multiple chiral centers, and 

unusual functional groups. Determining their structures requires advanced spectroscopic 

techniques such as NMR, mass spectrometry, and X-ray crystallography. Structural 

elucidation becomes especially challenging when compound quantity is very limited or when 

mixtures contain similar analogues. 
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Limited Availability of Biological Material 

Some natural sources are rare, seasonal, or geographically restricted. Marine organisms and 

endangered plants may be difficult to collect in sufficient quantity. Overharvesting can also 

create ecological and ethical concerns. Limited supply restricts reproducibility of experiments  

and development of natural compounds into drugs. 

 

Time-Consuming Bioactivity Screening 

Traditional discovery relies on bioassay-guided fractionation, where extracts are repeatedly 

separated and tested for activity. This iterative process is labor-intensive and slow. Screening 

large numbers of extracts against multiple biological targets requires extensive experimental 

resources and specialized assays. 

 

Variability and Reproducibility Issues 

Natural metabolite composition can vary depending on environmental conditions, growth 

stage, or microbial interactions. This variability leads to inconsistent biological activity 

between batches. Standardization of natural extracts is therefore difficult and affects 

reliability of discovery studies. 

 

Role of AI in Overcoming These Challenges 

Artificial intelligence approaches can significantly improve efficiency of natural product 

discovery by addressing many of these limitations. AI models can analyze spectral data and 

predict compound structures, enabling rapid dereplication of known molecules. Machine 

learning can prioritize extracts or organisms most likely to contain novel bioactive 

compounds, reducing unnecessary screening. Predictive modeling also guides targeted 

isolation by identifying fractions with highest probability of activity. 

 

AI-assisted metabolomics and genome mining allow detection of cryptic or low-abundance 

metabolites that may be missed by conventional methods. Integration of chemical, genomic, 

and biological data helps identify promising sources and compounds before experimental 

work begins. Thus, AI transforms natural product discovery from random screening approach 

into knowledge-guided and data-driven process. 
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ROLE OF ARTIFICIAL INTELLIGENCE IN NATURAL PRODUCT DISCOVERY 

Artificial intelligence (AI) refers to computational systems that can analyze large datasets, 

recognize patterns, and generate predictions or decisions with minimal human intervention. 

In pharmaceutical and natural product research, AI enables efficient analysis of complex 

chemical, biological, and genomic information that is difficult to interpret using conventional 

statistical methods. Natural product discovery involves multidimensional data including 

molecular structures, bioactivity assays, metabolomics profiles, and genomic sequences. AI 

tools can integrate these diverse datasets and identify relationships between chemical 

structure and biological activity. 

 

AI can assist at multiple stages of natural bioactive compound discovery such as compound 

identification, dereplication, activity prediction, biosynthetic pathway analysis, target 

prediction, and lead optimization. Instead of random screening of extracts, AI allows rational 

prioritization of organisms, extracts, or compounds with highest probability of therapeutic 

activity. This data-driven approach significantly reduces time, cost, and experimental 

workload in natural product research. 

 

1. Machine Learning Approaches 

Machine learning (ML) is a major branch of AI that enables computers to learn patterns from 

existing data and apply them to predict properties of new compounds. In natural product 

discovery, ML models are trained using datasets containing molecular descriptors and known 

biological activities. Once trained, these models can predict pharmacological potential of 

untested natural compounds. 

 

ML algorithms establish quantitative relationships between chemical features and biological 

responses, known as quantitative structure–activity relationships (QSAR). These relationships 

help identify structural motifs responsible for activity and guide selection of promising 

natural molecules. 

 

Commonly used machine learning algorithms in natural product discovery include: 

 

Random Forest 

Random forest is ensemble learning method that combines multiple decision trees to improve 

prediction accuracy. It can handle nonlinear relationships and complex chemical datasets.  
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Random forest models are widely used for predicting antimicrobial, anticancer, and enzyme 

inhibitory activities of phytochemicals and microbial metabolites. They also provide 

information about feature importance, indicating which molecular properties influence 

activitymost strongly. 

 

Support Vector Machine (SVM) 

Support vector machine is supervised learning algorithm that separates active and inactive 

compounds by constructing optimal decision boundary in multidimensional feature space. 

SVM performs well with small or medium-sized datasets, which is common in natural 

product research. It has been applied for prediction of antioxidant, antiviral, and cytotoxic 

properties of plant-derived compounds. 

 

K-Nearest Neighbors (k-NN) 

k-Nearest neighbors predicts activity of a compound based on similarity to known 

compounds in dataset. It assumes structurally similar molecules have similar biological 

activity. K-NN is simple but effective method for natural product screening, particularly 

when structural similarity information is important. It is often used in ligand-based virtual 

screening of phytochemicals. 

 

Gradient Boosting 

Gradient boosting combines multiple weak prediction models sequentially to reduce error. It 

is powerful for complex nonlinear relationships between molecular descriptors and 

bioactivity. Gradient boosting models have shown high performance in predicting drug-

likeness, toxicity, and pharmacological activity of natural compounds. 

 

Overall, machine learning models can predict antimicrobial, anticancer, antioxidant, anti-

inflammatory, and enzyme inhibitory activities of natural molecules before experimental 

testing. This allows prioritization of extracts or compounds most likely to be biologically 

active. 

 

2. Deep Learning Techniques 

Deep learning is advanced subset of machine learning that uses artificial neural network 
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s with multiple hidden layers to automatically learn hierarchical features from raw data. 

Unlike traditional ML, deep learning does not require manual feature engineering and can 

directly analyze complex molecular representations such as graphs, images, or sequences. 

 

Deep learning is particularly useful in natural product discovery because natural 

compoundsoften possess complex structures, stereochemistry, and functional diversity that 

are difficult to capture using simple descriptors. 

 

Key deep learning architectures used in natural product research include: 

Convolutional Neural Networks (CNN) 

CNNs are designed to analyze spatial patterns and are widely used in image recognition. In 

cheminformatics, molecules can be represented as 2D or 3D images or grids, allowing CNN 

to learn structural features associated with biological activity. CNN models have been applied 

to predict anticancer and antimicrobial activity of natural products and to analyze spectral 

data such as NMR or mass spectra. 

 

Recurrent Neural Networks (RNN) 

RNNs are suitable for sequential data analysis. Molecular structures encoded as SMILES 

strings can be treated as sequences, enabling RNN models to learn chemical syntax and 

structural patterns. RNNs are also used in generative modeling to design novel natural-like 

molecules inspired by existing compounds. 

 

Graph Neural Networks (GNN) 

Graph neural networks represent molecules as graphs where atoms are nodes and bonds are 

edges. This representation closely matches chemical reality and captures connectivity and 

stereochemical information. GNN models can predict molecular properties, biological 

activity, and protein-ligand interactions with high accuracy. They are particularly effective 

for natural products with complex ring systems and stereochemistry. 

 

Autoencoders 

Autoencoders are neural networks used for dimensionality reduction and feature learning. 

They compress molecular data into low-dimensional latent representations and reconstruct 

them. These latent vectors capture essential chemical features and can be used for clustering  
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natural compounds, identifying novel scaffolds, or generating new natural-like molecules. 

 

Deep learning models are especially powerful for predicting molecular properties, biological 

activity, toxicity, and target interactions of natural products. They also enable discovery of 

new chemical scaffolds beyond known natural compounds. 

 

AI-DRIVEN DRUG DISCOVERY WORKFLOW 

AI-assisted natural product discovery follows systematic workflow integrating computational 

prediction with experimental validation. This workflow transforms traditional trial-and-error 

screening into targeted and efficient discovery pipeline. 

 

1. Data Collection from Natural Product Databases 

The first step involves gathering chemical and biological data from natural product databases, 

literature, metabolomics datasets, and genomic resources. Data include molecular structures, 

physicochemical properties, biological activities, and source organisms. Large and diverse 

datasets improve model reliability and prediction accuracy. 

 

2. Molecular Representation and Feature Extraction 

Natural compounds are converted into machine-readable numerical forms such as molecular 

descriptors, fingerprints, or graph representations. Feature extraction captures chemical 

information relevant to biological activity. Proper representation is critical because AI models 

learn relationships based on these features. 

 

3. Model Training and Validation 

Machine learning or deep learning models are trained using datasets containing known active 

and inactive compounds. Training involves adjusting model parameters to minimize 

prediction error. Validation using independent datasets ensures model generalization and 

reliability. Performance metrics such as accuracy, precision, recall, and ROC-AUC are used 

to evaluate models. 

 

4. Activity Prediction and Virtual Screening 

Trained models are applied to large libraries of natural compounds or extracts to predict 

biological activity, drug-likeness, or toxicity. Virtual screening ranks compounds according 
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to predicted activity. This step helps identify promising candidates before experimental 

testing, reducing number of compounds requiring laboratory screening. 

 

5. ExperimentalValidation 

Top-ranked compounds are isolated or synthesized and tested in biological assays such as 

antimicrobial, cytotoxic, or enzyme inhibition assays. Experimental validation confirms AI 

predictions and provides mechanistic insights. This step ensures biological relevance and 

reliability of computational findings. 

 

6. Lead Optimization 

Active natural compounds are further optimized using AI-guided medicinal chemistry or 

biosynthetic engineering. Structural modifications may improve potency, selectivity, 

solubility, or pharmacokinetic properties. AI can predict effects of modifications and guide 

rational design of improved analogues. 

 

DATA SOURCES FOR AI-BASED NATURAL PRODUCT DISCOVERY 

High-quality data is essential for AI modeling. Natural product research uses multiple data 

sources. 

1. Natural Product Databases 

Important datasets include: 

 Plant metabolite databases 

 Microbial secondary metabolite libraries 

 Marine natural product repositories 

 Phytochemical databases 

These databases provide molecular structures, physicochemical properties, and biological 

activity data. 

 

2. Omics Data 

Omics technologies generate large biological datasets: 

 Genomics 

 Metabolomics 

 Proteomics 

 Transcriptomics 
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AI can integrate these datasets to identify biosynthetic pathways and novel metabolites. 

 

3. Literature Mining 

Text mining and natural language processing extract compound information from 

scientificpublications. AI tools can automatically identify chemical names, biological targets, 

and pharmacological activities from literature. 

 

MOLECULAR REPRESENTATION FOR AI MODELING 

For AI algorithms to analyze natural compounds, molecules must be converted into 

numerical representations. 

 

1. Molecular Descriptors 

Descriptors capture chemical properties such as: 

 Molecular weight 

 Lipophilicity 

 Hydrogen bond donors/acceptors 

 Topological indices 

 Electronic properties 

These features are used in ML models. 

 

2. Molecular Fingerprints 

Fingerprints encode structural patterns of molecules. Types include: 

 MACCS keys 

 Extended connectivity fingerprints 

 Circular fingerprints 

Fingerprints enable similarity searching and activity prediction. 

 

3. Graph-Based Representation 

Graph neural networks treat molecules as graphs with atoms as nodes and bonds as edges. 

This approach captures structural relationships more accurately and improves predictive 

performance. 
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AI-BASED VIRTUAL SCREENING OF NATURAL PRODUCTS 

Virtual screening uses computational models to identify compounds with desired biological 

activity. 

1. Ligand-Based Screening 

AI predicts activity based on similarity to known bioactive compounds. Steps include: 

 Training on known active molecules 

 Screening natural product libraries 

 Ranking predicted active compounds 

This approach is useful when target structure is unknown. 

 

2. Structure-Based Screening 

When protein target structure is known, AI can predict binding affinity and docking scores.  

 

Deep learning models can evaluate protein-ligand interactions and identify natural 

compounds with high binding potential. 

 

3. De-Replication of Known Compounds 

AI models can recognize known natural molecules in extracts and prevent rediscovery. This 

improves efficiency of natural product isolation. 

 

AI IN BIOSYNTHETIC PATHWAY PREDICTION 

Many natural compounds are produced by biosynthetic gene clusters in microorganisms and 

plants. AI can analyze genomic data to predict metabolite structures. 

 

1. Gene Cluster Identification 

Machine learning models detect biosynthetic gene clusters in genome sequences. These 

clusters encode enzymes responsible for natural product synthesis. 

 

2. Metabolite Structure Prediction 

AI predicts chemical structures produced by gene clusters based on enzyme functions and 

pathway logic. This enables discovery of novel metabolites without experimental isolation. 
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3. Synthetic Biology Integration 

Predicted pathways can be engineered in microbial hosts to produce target natural 

compounds. AI thus supports bioengineering of rare bioactive molecules. 

 

APPLICATIONS OF AI-ASSISTED NATURAL BIOACTIVE DISCOVERY 

AI methods have been applied to discover natural compounds with various therapeutic 

activities. 

1. Antimicrobial Compounds 

AI screening of microbial metabolites has identified new antibacterial and antifungal 

molecules. Predictive models can detect compounds active against resistant pathogens. 

 

2. Anticancer Natural Products 

AI models analyze plant phytochemicals to identify compounds with cytotoxic or apoptosis-

inducing activity. Virtual screening accelerates discovery of plant-derived anticancer leads. 

 

3. Anti-Inflammatory and Antioxidant Agents 

Natural phenolics and flavonoids are screened using AI to predict anti-inflammatory and 

antioxidant activity. These compounds have potential in chronic disease management. 

 

4. Neuroprotective Compounds 

AI approaches identify natural molecules that interact with neurological targets such as 

enzymes and receptors associated with neurodegenerative diseases. 

 

INTEGRATION OF AI WITH EXPERIMENTAL VALIDATION 

AI predictions must be validated experimentally to confirm biological activity. 

1. Targeted Isolation 

AI prioritizes compounds likely to be active, guiding selective extraction and purification 

from natural sources. 

2. Bioassay Testing 

Predicted compounds are tested in vitro and in vivo to confirm activity and mechanism. 

3. Structure Elucidation 

Spectroscopic methods such as NMR and MS confirm structures predicted by AI models. 
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4. Iterative Learning 

Experimental results are fed back into AI models to improve prediction accuracy. This 

continuous learning cycle enhances discovery success. 

 

ADVANTAGES OF AI-ASSISTED NATURAL PRODUCT DISCOVERY 

AI provides several benefits compared with traditional approaches. 

 Faster identification of bioactive molecules 

 Reduced experimental cost and time 

 Ability to analyze large datasets 

 Discovery of novel chemical scaffolds 

 Improved prediction of biological activity 

 Reduced rediscovery of known compounds 

 

AI also enables exploration of under-studied biological sources and chemical space. 

 

CHALLENGES AND LIMITATIONS 

Despite advantages, AI-assisted natural product discovery faces challenges. 

 

1. Data Quality and Availability 

Natural product datasets are limited and sometimes inconsistent. Missing activity data and 

structural errors reduce model accuracy. 

 

2. Chemical Complexity 

Natural compounds often have complex stereochemistry and unusual structures, making 

modeling difficult. 

 

3. Model Interpretability 

Many AI models act as “black box,” making it difficult to understand prediction rationale. 

 

4. Experimental Validation Bottleneck 

Predicted compounds still require laboratory testing, which can limit throughput. 

 

5. Integration of Multidisciplinary Data 

Combining genomic, metabolomic, and chemical data remains challenging but essential for 

accurate predictions. 
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FUTURE PERSPECTIVES 

AI-assisted natural product discovery is rapidly evolving. Several trends are expected to 

shapefuture research. 

 

1. Integration with Omics and Systems Biology 

Combining AI with genomics and metabolomics will enable holistic understanding of natural 

product biosynthesis and biological activity. 

 

2. Generative AI for Novel Natural-Like Molecules 

Generative models can design new molecules inspired by natural products, expanding 

chemical diversity beyond known compounds. 

 

3. Automated Natural Product Discovery Platforms 

Robotic extraction, AI screening, and automated bioassays may create fully integrated 

discovery pipelines. 

 

4. Personalized Natural Therapeutics 

AI may identify bioactive compounds tailored to individual genetic or disease profiles. 

 

5. Sustainable Natural Product Production 

AI-guided synthetic biology can produce rare compounds in engineered microbes, reducing 

dependence on natural sources. 

 

Table 1: AI Techniques in Natural Bioactive Compound Discovery 

AI Technique Application Example Outcome 

Machine learning Activity prediction 
Identification of antimicrobial 

compounds 

Deep learning 
Molecular property 

prediction 

Discovery of anticancer 

phytochemicals 

Graph neural networks Structure-activity modeling Improved prediction accuracy 
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AI Technique Application Example Outcome 

Natural language 

processing 
Literature mining Extraction of compound data 

Generative models Novel molecule design Natural-like synthetic compounds 

 

 

Figure 1: AI-Assisted Natural Product Discovery Workflow 

 

CONCLUSION 

Natural bioactive compounds remain vital sources of therapeutic agents, but traditional 

discovery approaches are slow and resource-intensive. Artificial intelligence offers powerful 

tools to accelerate identification, prediction, and optimization of natural products with 

pharmacological activity. AI can analyze large chemical and biological datasets, predict 

activity, identify biosynthetic pathways, and guide targeted isolation. Applications in 

antimicrobial, anticancer, anti-inflammatory, and neuroprotective compound discovery 

demonstrate its potential. 

 

However, challenges including limited data, chemical complexity, and need for experimental 

validation remain significant. Future integration of AI with omics technologies, synthetic 
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biology, and automated screening platforms is expected to transform natural product drug 

discovery. AI-assisted exploration of nature’s chemical diversity can lead to discovery of 

novel and effective therapeutic agents, reducing development time and cost in pharmaceutical 

research. 
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