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ABSTRACT 

Drug performance, safety, and therapeutic outcomes are greatly 

impacted by pharmaceutical formulation design. Historically, 

development efforts have focused on guaranteeing product 

stability, bioavailability, and ease of manufacturing, frequently 

ignoring individual patient requirements. More recently, there 

has been a growing emphasis on patient-centered formulation 

strategies that prioritise treatment adherence, acceptability, and 

ease of administration; factors like age, physiological 

differences, genetic variability, disease conditions, swallowing 

capacity, sensory preferences, and lifestyle. By analysing vast 

and varied datasets to enable well-informed formulation 

decisions, artificial intelligence (AI) has emerged as a useful 

tool for addressing these challenges. Drug release behaviour, 

processing parameters, and formulation components can all be 

predicted and optimised to meet the needs of individual patients thanks to technologies like 

deep learning, machine learning, and intelligent modelling systems. This review highlights 

the potential of AI-driven patient-focused formulation development to change pharmaceutical 

design into a more accurate and customised field by examining its concepts, methods, 

practical applications, benefits, drawbacks, and future prospects Pharmaceutical formulation 

development is undergoing a revolution because to artificial intelligence (AI), which makes 

data-driven decision-making, predictive modelling, and process optimisation possible. Trial-

and-error experimentation, which is time-consuming, expensive, and resource-intensive, is a 

major component of traditional formulation development. Artificial intelligence (AI) 

technologies, including as machine learning (ML), deep learning (DL), artificial neural 

networks (ANNs), and expert systems, provide creative ways to forecast formulation 
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performance, optimise excipient selection, enhance manufacturing procedures, and improve 

product quality. The uses of AI in pharmaceutical formulation development, recent 

developments, advantages, difficulties, regulatory issues, and future prospects are all covered 

in this review. AI-driven strategies have shown great promise in cutting down on 

experimental workload, speeding up the commercialisation of pharmaceutical goods, and 

shortening development times. 

 

KEYWORDS: Pharmaceutical formulation, drug development, artificial intelligence, 

machine learning, neural networks, quality by design, and predictive modeling. 

 

INTRODUCTION 

Artificial Intelligence (AI) advancements are driving a digital shift in the pharmaceutical 

business. Artificial Intelligence (AI) refers to computational systems that are able to carry out 

tasks like learning, reasoning, prediction, and decision-making that have historically required 

human intelligence.
[1]

 Formulation development in the pharmaceutical sciences include 

creating dosage forms that guarantee patient compliance, safety, efficacy, and medication 

stability.
[2] 

To find the best formulation variables, traditional formulation development 

frequently necessitates a great deal of laboratory testing. Smarter methods are now required 

due to the growing complexity of contemporary pharmacological compounds. Artificial 

intelligence (AI) has become a potent tool for managing massive datasets, spotting hidden 

trends, and accurately forecasting future results.
[3] 

 

2. Formulation Development Using Artificial Intelligence Technologies 

2.1  Machine learning 

Without explicit programming, computers can learn from data and make predictions thanks to 

machine learning. Pharmaceutical formulation frequently employs the following ML 

algorithms
[4]

 

 Random forest (RF) 

 Support Vector Machine  (SVM) 

 Trees of Decisions 

 K-Nearest Neighbour (KNN) 

 Models of Gradient Boosting
[5]
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2.2   ANNs or artificial neural networks 

ANNs are frequently employed to describe intricate nonlinear interactions between 

formulation variables and product performance because they resemble the organization of the 

human brain. 

 

2.3 DL or deep learning 

Several neural network layers are used in deep learning to analyse big datasets and extract 

intricate aspects that are helpful for formulation optimisation.
[6] 

 

2.4 Expert Systems 

Expert systems support formulation decision-making and troubleshooting by combining 

computational rules with pharmaceutical knowledge.
[7] 

 

3. AI Uses in the Development of Pharmaceutical Formulations 

3.1 Prediction of Drug-Excipient Compatibility 

Prior to experimental testing, AI models can forecast how active pharmaceutical ingredients 

(APIs) and excipients will interact. This speeds up screening procedures and lowers 

formulation failures.
[8]

 

 

3.2 Optimisation of Formulation 

Formulation variables like these are optimised via machine learning algorithms: 

 concentration of polymers 

 Levels of surfactants 

 The loading of drugs 

 Conditions for processing 

 

With fewer experimental trials, AI assists in finding the best formulas.
[9]

 

 

3.3 Prediction of the Dissolution and Release Profile 

Drug dissolving behaviour and release kinetics from tablets, capsules, and controlled-release 

systems can be precisely predicted using AI models. 

 

3.4 Prediction of Stability 

In order to help assess shelf life, predictive AI systems estimate product stability under a 

variety of environmental circumstances, such as temperature and humidity.
[10]
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3.5 QbD or Quality by Design 

By detecting critical material attributes (CMAs) and critical process parameters (CPPs) that 

impact product quality, AI improves Quality by Design methodologies. 

 

3.6 Technology for Process Analysis (PAT) 

Real-time monitoring and management of pharmaceutical production processes are made 

possible by AI-integrated PAT systems, guaranteeing constant product quality.
[11]

 

 

4. AI in Innovative Medication Delivery Systems 

AI is being used more and more in sophisticated medicine delivery systems, such as
[12]

 

4.1 Formulations of Nanoparticles 

AI helps forecast release behavior, medication loading efficiency, and nanoparticle size.
[13]

 

 

4.2 Drug Delivery using Liposomes 

For improved treatment efficacy, machine learning models optimize process parameters and 

lipid composition.
[14]

 

 

4.3 Pharmaceuticals using 3D printing 

Recent research has shown how AI and big language models may help choose appropriate 

excipients for additive manufacturing applications and create customized 3D-printed dosage 

forms.
[15]

 

 

4.4 Customized Healthcare 

AI improves treatment outcomes by enabling customized dosage form formulation based on 

patient-specific variables. 

 

5. AI's Advantages for Developing Pharmaceutical Formulations
[16]

 

 Shortened period for development 

 Reduced expenses for research and development 

 Increased accuracy of predictions 

 Improved product quality 

 Decreased burden for experiments 

 Quicker commercialization and scale-up 

 Enhanced adherence to regulations 
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According to studies, AI-assisted methods can improve formulation performance prediction 

while drastically reducing trial-and-error experimentation. 

 

6. Difficulties and Restrictions
[17]

 

AI implementation is fraught with difficulties despite its benefits: 

 

6.1 Access to Data 

Reliable AI model development requires consistent, high-quality datasets. 

 

6.2 Interpretability of the Model 

Many deep learning models operate as "black boxes," making it challenging to explain how 

decisions are made.
[18]

 

 

6.3 Regulatory Issues 

Transparent validation and verification of AI-based systems are mandated by regulatory 

bodies. 

 

6.4 Privacy and Data Security 

Proprietary pharmaceutical data protection is still a major concern.
[19]

 

 

6.5 Applicability 

When applied to fresh formulations, AI models trained on small datasets could not work well. 

 

7. Regulatory Aspects 

A growing number of regulatory bodies, like the European Medicines Agency and the U.S. 

Food and Drug Administration, are investigating frameworks for implementing AI in 

pharmaceutical development.
[20]

Key prerequisites for regulatory approval continue to be 

validation, transparency, reproducibility, and risk management. 

 

Benefits of Patient-Centered Artificial Intelligence 

 

1. Tailored Care and Improvement of Therapy.
[21]

 

Patient-centered AI enables the analysis of individual patient data, such as genetics, age, 

severity of sickness, lifestyle, and comorbidities.
[22]

By facilitating customized drug selection, 

dosage optimization, and formulation creation, this lowers trial-and-error prescribing and 

enhances therapeutic outcomes. 
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2. Improved Patient Security and Reduced Adverse Reactions 

AI systems can predict toxicity issues, drug-drug interactions, and patient-specific adverse 

reactions using real-world data. This proactive risk assessment enhances pharmaceutical 

safety by lowering preventable adverse drug events
[23]

 

 

3. Better Clinical Evaluation 

By integrating clinical records, imaging, laboratory data, and patient-reported outcomes, 

patient-centered AI enhances diagnostic accuracy and treatment planning. 

 

4. Enhanced Patient Involvement and Adhere 

AI-powered tools that assist patients in learning about their condition and course of treatment 

include chatbots, virtual assistants, and mobile health applications. Personalized reminders 

and feedback improve patient involvement in care decisions and treatment compliance.
[24]

 

 

5. Efficient Drug Development and Formulation Design 

Patient-centered
[25]

AI in pharmaceutical research enhances quality by design (QbD) and 

Design of Experiments (DoE) approaches by predicting the optimal excipient combinations, 

release profiles, and dose forms based on patient requirements. 

 

6. Faster and More Accurate Disease Recognition 

Machine learning algorithms analyse complex datasets to find early disease tendencies, 

especially in chronic and rare diseases, leading to timely diagnosis and treatment.
[26]

 

 

7. Cost-effective Healthcare Services 

By reducing unnecessary testing, hospital readmissions, and ineffective treatments, patient- 

centered AI reduces healthcare expenditures without sacrificing high-quality care. 

 

8. Real-time monitoring and predictive analytics 

Continuous patient health parameter monitoring is made possible by wearable technology and 

remote monitoring systems driven by artificial intelligence. Predictive analytics enables early 

identification of treatment failure or disease progression.
[27]

 

 

9. Promotion of Precision and Value-Based Healthcare 

In line with precision medicine and value-based care models, patient-centered AI guarantees 

that treatment decisions are based on individual benefit rather than population averages. 

 



Manish et al.                                                                      World Journal of Pharmaceutical Research 

www.wjpr.net      │     Vol 15, Issue 13, 2026.      │     ISO 9001: 2015 Certified Journal     │ 

 

 

 

289 

10. Improved Life Quality and Patient Contentment 

AI supports a comprehensive approach to healthcare by offering tailored, efficient, and 

responsive care that enhances patient pleasure, trust, and overall quality of life.
[28]

 

 

Future regulatory compliance is anticipated to be aided by AI integration with QbD and PAT 

frameworks. 

Future advancements in pharmaceutical formulation powered by AI could include: 

 Self-sufficient formulation labs 

 Digital twins for production and formulation 

 Continuous production with AI support 

 Excipient selection using generative AI 

 Adaptive process control in real-time 

 Platforms for customized medication
[29]

 

 

Because AI technologies have the potential to lower costs and speed up medication 

development, pharmaceutical corporations are investing more and more in them. AI might 

significantly reduce research times when paired with automated laboratory technologies, 

according to recent business partnerships.
[30]

 

 

CONCLUSION 

By providing predictive, effective, and data-driven methods, artificial intelligence is 

revolutionizing the development of pharmaceutical formulations. Advanced drug delivery 

systems, formulation optimization, stability prediction, and process control have all seen 

significant success with AI technologies including machine learning, deep learning, and 

neural networks. Ongoing developments are anticipated to further incorporate AI into 

pharmaceutical research and manufacturing, despite persistent issues with data quality, 

interpretability, and regulatory approval. A promising route toward quicker, more effective, 

and customized pharmaceutical product development is AI-driven formulation development. 
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