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Isotretinoin is a highly effective retinoid widely prescribed for the 

treatment of severe and recalcitrant acne. Despite its proven therapeutic 

efficacy, the pharmaceutical formulation of isotretinoin—particularly in 

soft gelatin capsule dosage forms—remains technically demanding. The 

molecule is highly susceptible to light exposure, oxidative degradation, 

and thermal instability. In lipid-based delivery systems, additional 

challenges may arise from interactions between the active 

pharmaceutical ingredient (API) and excipients, variability in drug 

content, and potential degradation during manufacturing and storage. In 

industrial production settings, these stability concerns may lead to assay 

variability, reduced shelf-life, batch rejection, and regulatory 

complications. Furthermore, analytical quantification of isotretinoin 

presents its own challenges due to light sensitivity, sample preparation 

instability, matrix interference, and extraction inefficiencies. This 

industry-commissioned project was initiated to address these real-world 

manufacturing issues through a structured, research-driven approach. 

The primary goals were to optimize the softgel formulation, resolve 

analytical method inconsistencies, conduct comprehensive stability 

evaluations, and generate scientifically robust data to enhance product 

quality and manufacturing reliability. The project aimed not only to 

improve the existing product but also to establish a transferable 

scientific framework for managing instability challenges in lipid-based 

pharmaceutical systems.

Introduction

This industry-driven project successfully resolved critical formulation and analytical challenges associated 

with isotretinoin soft gelatin capsules. Through systematic optimization of the lipid formulation and 

process parameters, product stability and content uniformity were significantly improved.

Analytical method limitations were effectively addressed by refining sample preparation procedures and 

chromatographic conditions, resulting in enhanced accuracy, precision, and reproducibility.

Stability studies confirmed improved chemical integrity and predictable product performance over time.

Overall, this project demonstrates the value of applied research in solving real industrial pharmaceutical 

problems, strengthening product quality, reducing manufacturing risks, and supporting sustainable 

production of sensitive lipid-based drug formulations.

Conclusions

A systematic, problem-oriented approach was implemented.

• Formulation Optimization:

Different lipid vehicles, antioxidants, and excipient ratios were evaluated to improve chemical stability 

and minimize oxidative degradation. Process parameters were assessed and adjusted to enhance content 

uniformity and product robustness.

• Analytical Method Improvement:

Root causes of analytical variability were investigated, including light-induced degradation during sample 

preparation, matrix interference, and extraction inefficiencies. Sample handling conditions, 

chromatographic parameters, and validation elements were optimized to improve precision, accuracy, and 

reproducibility.

• Stability Studies:

Accelerated and long-term stability studies were conducted under controlled environmental conditions to 

evaluate chemical integrity, physical stability, and assay consistency over time.

• Scientific Documentation:

Comprehensive scientific data were compiled to support the pharmaceutical quality profile and regulatory 

documentation of the optimized product.

Results

Derived from the design no
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1Process parameters—including mixing conditions, temperature 

control, and encapsulation settings—were reviewed and adjusted to 

enhance content uniformity and reduce variability between batches. 

Compatibility studies were also conducted to assess potential 

interactions between isotretinoin and excipients.

2. Analytical Method Investigation and Improvement

Root cause analysis was performed to identify sources of variability 

in assay results. Critical factors such as light exposure during sample 

preparation, solvent selection, extraction efficiency, filtration effects, 

and matrix interference were evaluated.

Chromatographic parameters were optimized to achieve improved 

peak resolution, sensitivity, and reproducibility. Method refinement 

focused on enhancing precision, accuracy, robustness, and 

repeatability under routine quality control conditions. Controlled 

handling procedures were implemented to prevent degradation 

during analysis.

3. Stability Studies

Both accelerated and long-term stability studies were conducted 

under controlled environmental conditions in accordance with 

pharmaceutical stability guidelines. Samples were periodically 

evaluated for assay content, degradation profile, and physical 

integrity. Stress testing was also performed to better understand 

degradation pathways and confirm the effectiveness of formulation 

modifications.

4. Scientific Documentation

All experimental findings were systematically compiled to generate 

comprehensive scientific documentation supporting product quality, 

stability performance, and analytical reliability.

Methods

1. Formulation Optimization

A comprehensive evaluation of formulation variables was performed. 

Different lipid vehicles, solubilizers, and antioxidant systems were 

screened to enhance chemical stability and minimize oxidative 

degradation. The concentration ratios of excipients were optimized to 

improve drug solubility, maintain homogeneity, and prevent 

precipitation. 

Methods
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