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The Quality by Design (QbD) approach has been widely adopted in the development of both novel and generic
pharmaceutical formulations1. Extending these principles to the analytical domain, Analytical Quality by De-
sign (AQbD) has emerged as a structured framework for optimizing analytical methodologies2. The aim of
the present work was to outline a comprehensive framework for development of a texture analyzer-based mu-
coadhesion method integrated with rheological analysis for the evaluation of ointment formulations3. The
ATP was carefully defined for the mucoadhesion method, taking into account both preliminary studies and
method requirements. The AQbD approach facilitated the identification of key sources of variability affect-
ing Critical Method Variables (CMVs). Using this methodological framework, critical analytical attributes
(CAAs) such as peak force (adhesiveness), work of adhesion (the area under the force/distance curve), and
debonding distance were systematically investigated. Optimal conditions were determined using response
surface methodology within the Method Operable Design Region (MODR). The study implemented a three-
factor, three-level Box-Behnken design (BBD), a widely accepted design of experiments (DoE) approach for
exploring quadratic response surfaces and developing second-order polynomial models. The determination
coefficients showed that the quadratic model effectively represented these response variables, confirming its
predictive power. The root mean square error values for peak force (0.25) and work of adhesion (1.54) indicate
minimal deviation between observed and predicted values. However, the model showed less robustness for
the debonding distance response, with an R² of 0.24, explaining only 24% of variability. The RMSE of 44.63 indi-
cates high variability, but remains within an acceptable range for this response parameter. The final optimized
conditions—2 N applied force, 60 seconds contact time, and 0.05 N trigger force—were established to ensure
compliance with the predefined ATP. The incorporation of mucin dispersion into the method showed signif-
icant rheological synergism, validating the robustness of the optimized method. Furthermore, compliance
with ICH guidelines confirmed the method’s reproducibility and reliability4. Overall, this study demonstrates
the successful application of AQbD principles in the development of a mucoadhesion assessment method that
integrates texture analysis and rheology to optimize the evaluation of ointment formulations. The use of
a Box-Behnken design allowed for systematic optimization, ensuring robust, reproducible, and analytically
sound results, thereby strengthening the credibility of AQbD-driven analytical methods.
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