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AI technology and machine learning present a transformative opportunity in the drug

discovery, formulation, and testing of pharmaceutical dosage forms. By utilizing AI

algorithms that analyze extensive biological data, including genomics and proteomics,

researchers can identify disease associated targets and predict their interactions with

potential drug candidates. This enables a more efficient and targeted approach to drug

discovery, thereby increasing the likelihood of successful drug.

The adoption of new technologies is helpful to address global healthcare challenges

and medical emergencies, such as the recent COVID pandemic with minimal face-to-

face contact and reducing the need for extensive and costly animal testing.

1. DATA COLLECTION:

1.1. ENCODING

Drug molecule structures can be represented as sequences using various molecular

descriptors. Simplified Molecular Input Line Entry System (SMILES) notation is the

most widely used descriptor in AI-driven drug discovery.

Figure 1- Benzene (𝐶6𝐻6) SMILES descriptor (generated by ChatGPT)

1.2. DECODING

The SMILES is passed through a cheminformatics toolkit (RDKit, Open Babel), which

interprets the atom symbols, bond types, branches, and ring closures.

Figure 2- Aspirin decoded by Open Bebel Cheminformatics [6]

Alternatively, Natural Language Processing (NLP) techniques can treat SMILES

strings as sentences and extract meaningful patterns through tokenization.

2. MODEL TRAINING:

2.1. SUPERVISED LEARNING

It involves training models on labelled datasets—where each input (e.g., molecular

descriptor, excipient ratio, pH level) is associated with a known output (e.g., solubility,

release rate, toxicity level). These models learn to find meaningful linear (through

Support Vector Machine (SVM) regressor and Decision Trees) or complex nonlinear

(through Neural Networks (NN) and Random Forest (RF)) relationships between

formulation components and therapeutic outcomes.

2.2. UNSUPERVISED LEARNING

Unsupervised learning is used when the data lacks predefined labels. Instead of

predicting a specific outcome, these algorithms explore hidden structures or patterns

within complex datasets. In drug formulation, unsupervised learning helps identify

clusters of similar compounds and reduce dimensionality for drug interactions. Unlike

supervised learning, its outputs are most actionable with interpretation.
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2.3. (DEEP) REINFORCEMENT LEARNING

It is used for sequential decision-making tasks such as adaptive formulation design. An 

agent learns optimal actions (e.g., ingredient ratios) through trial and error, guided by 

reward signals (e.g., solubility improvement). By generating molecular structures step 

by step in a simulated chemical space, Drug-Target Binding Affinity (DTBA) can be 

optimized through interactions with biological targets.

2.4. Generative AI (GenAI)

Generative AI (GenAI) refers to AI systems that can create novel outputs – ranging 

from text and images to molecular designs – by learning patterns from large datasets.

3. NEW DRUG EVALUATION

Evaluation of newly formulated drugs involves a combination of physicochemical, 

microbiological, and stability assessments to ensure quality, efficacy, and safety. Some 

commonly analyzed parameters include:

Additional tests and acceptance criteria generally should be applied, depending on the 

type of drug, e.g. hard capsules, soft capsules, oral liquids.
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CONCLUSION & FUTURE PROSPECTS

AI is revolutionizing drug formulation by 

enabling data-driven experimentation. In 

healthcare sector, leading biotech companies 

such as Sanofi, J&J, and Eli Lily are currently 

embedding AI into their R&D workflows. As an 

example, Lipid Nanoparticles (LNPs) 

underpinning mRNA COVID-19 vaccines (e.g. 

Pfizer-BioNTech) are outcomes of optimized AI-

informed formulation strategies. In summary, AI 

accelerates drug development and enables 

personalization of pharmaceutical products—

marking a new era of intelligent, efficient, and 

patient-centric formulation. 
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Figure 3- Getty Images for Pfizer/BioNTech
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