
Role of Dissolution Testing in Pharmaceutical Quality Control and Bioequivalence 
Assessment

Emily Greenfield*

Department of Pharmaceutical Analysis, University of Oxford, Oxford, UK

DESCRIPTION
Dissolution testing is a critical analytical technique used to 
evaluate the in vitro release characteristics of drug substances 
from their dosage forms. As a surrogate for bioavailability, 
dissolution testing provides insights into the rate and extent to 
which the Active Pharmaceutical Ingredient (API) becomes 
available for absorption in the body. This tool serves not only in 
product development but also in quality control, stability 
studies, and regulatory submissions, especially for oral solid 
dosage forms.

Pharmacopoeias such as the United States Pharmacopeia (USP), 
European Pharmacopoeia (EP) and Japanese Pharmacopoeia (JP) 
have established standard dissolution apparatuses and protocols. 
The most commonly used configurations include USP Apparatus 
1 and Apparatus 2, which simulate gastrointestinal conditions 
and offer reproducibility in routine analysis. Selection of the 
appropriate apparatus depends on the dosage form's design, such 
as Immediate-Release (IR), Delayed-Release (DR), or Extended-
Release (ER) formulations.

The choice of dissolution medium is equally important. 
Simulated Gastric Fluid (SGF), Simulated Intestinal Fluid (SIF) 
and other biorelevant media help replicate physiological 
conditions. The volume, pH, surfactant concentration, and 
temperature must be carefully controlled to ensure 
reproducibility and meaningful results.

In quality control, dissolution testing is used as a routine release 
specification to ensure batch-to-batch consistency. Minor 
variations in excipient type, compression force, or coating 
thickness can significantly affect the dissolution rate, making it a 
sensitive indicator of manufacturing robustness. Analytical 
techniques such as UV-Visible spectrophotometry or High-
Performance Liquid Chromatography (HPLC) are employed to 
quantify the amount of drug released at specified time intervals. 
Dissolution testing also plays a key role in Bioequivalence (BE) 
studies, particularly for generic drug development. A well-
established In Vitro-In Vivo Correlation (IVIVC) allows 
regulatory agencies to waive in vivo studies for certain products, 
significantly reducing development time and cost. Level A

IVIVC, which demonstrates a point-to-point relationship
between in vitro dissolution and in vivo absorption, is the most
preferred and widely accepted.

Innovations in dissolution testing include the development of
apparatuses that simulate more complex physiological
environments, such as USP Apparatus 3 (reciprocating cylinder),
Apparatus 4 (flow-through cell), and miniaturized or biorelevant
models. These tools are particularly useful for testing poorly
soluble or modified-release products. Dissolution imaging, using
fiber optic probes or UV mapping, allows real-time visualization
of drug release kinetics, offering deeper insights into dosage
form behavior.

Challenges in dissolution testing include variability caused by
hydrodynamic factors, especially in poorly soluble or swellable
formulations. Inconsistent agitation, coning effects at the
bottom of the vessel, or adherence of the tablet to the vessel
walls can introduce significant errors. Standard operating
procedures must address these issues to ensure data integrity.

Regulatory guidelines by the U.S. Food and Drug
Administration (FDA), European Medicines Agency (EMA), and
other authorities provide detailed expectations for method
development, validation, and documentation. Key validation
parameters include accuracy, precision, specificity, linearity,
robustness, and sink conditions. Method transfer between
laboratories, especially in global companies, requires rigorous
cross-validation and harmonization.

The concept of discriminatory dissolution testing is gaining
traction. These methods are designed to distinguish between
formulations with meaningful differences in composition or
process parameters. A truly discriminatory method serves as a
sensitive quality control tool and helps avoid post-approval
formulation changes that may affect clinical performance.
Dissolution testing also extends to poorly soluble drugs (BCS
Class II and IV), where solubility enhancement techniques like
solid dispersions, nanoparticles, or lipid-based systems are
employed. These formulations demand specialized dissolution
techniques, including non-aqueous media or biphasic systems, to
accurately capture their release behavior.
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Emerging technologies such as Physiologically Based
Pharmacokinetic (PBPK) modeling and machine learning are
being combined with dissolution data to predict in vivo drug
performance. These tools support Model-Informed Drug
Development (MIDD) and personalized medicine initiatives by
simulating drug behavior across various patient populations and
conditions. Dissolution testing is a cornerstone of
pharmaceutical quality control and regulatory strategy. As

analytical techniques, regulatory expectations, and formulation
complexities evolve, the role of dissolution testing continues to
expand. A well-developed and validated dissolution method not
only ensures consistent product performance but also supports
bioequivalence, lifecycle management, and regulatory
compliance. For pharmaceutical scientists, mastering the
principles and applications of dissolution testing is essential for
advancing drug development and ensuring therapeutic efficacy.
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