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DESCRIPTION
Dosage forms are an integral component of pharmaceutical 
development, serving as the medium through which Active 
Pharmaceutical Ingredients (APIs) are delivered to achieve 
therapeutic effects. In the context of Bioequivalence (BE), dosage 
forms play a critical role in determining the interchangeability of 
generic drugs with innovator products. Bioequivalence studies 
ensure that a generic product delivers the same therapeutic 
benefit as its reference counterpart, primarily by comparing 
pharmacokinetic parameters such as peak plasma concentration 
(Cmax) and Area Under the Curve (AUC).

Significance of dosage forms in bioequivalence

Dosage forms influence the release, absorption, and overall 
bioavailability of a drug. These parameters are critical in assessing 
whether a generic product is bioequivalent to a reference drug. 
Variability in the design and manufacturing of dosage forms, 
such as tablets, capsules, or injectables, can affect their 
pharmacokinetic profiles. Consequently, bioequivalence studies 
must account for differences in dosage form attributes. For orally 
administered solid dosage forms, such as tablets and capsules, 
dissolution testing is often employed as a surrogate for in vivo 
bioequivalence studies. However, for other forms like 
transdermal patches or extended-release formulations, additional 
complexities arise, necessitating comprehensive in vitro and in vivo 
evaluations.

Oral solid dosage forms

Oral solid dosage forms remain the most common drug delivery 
method, making their bioequivalence crucial for generic drug 
development. The pharmacokinetics of tablets and capsules are 
largely determined by their dissolution profiles. Regulatory 
guidelines often emphasize dissolution testing under standardized 
conditions to predict in vivo performance.

Immediate-release formulations: These are typically evaluated 
using dissolution testing and bioequivalence studies that 
compare Cmax and AUC. Achieving bioequivalence is relatively 
straightforward if the generic matches the reference product in 
critical parameters such as disintegration time and dissolution 
rate.

Modified-release formulations: These present greater challenges 
in bioequivalence due to their complex drug release 
mechanisms. Extended-Release (ER) and Delayed-Release (DR) 
forms require precise control over drug release rates to ensure 
consistent therapeutic effects. Regulatory agencies often require 
multiple studies to demonstrate equivalence under fasting and 
fed conditions.

Non-oral dosage forms

Non-oral dosage forms, including injectables, transdermal 
patches, inhalers, and topical products, introduce unique 
challenges in bioequivalence. Unlike oral dosage forms, where 
systemic absorption is the primary concern, these formulations 
often depend on localized delivery or alternative routes of 
absorption:

Injectable formulations: For solutions administered 
intravenously, bioequivalence is typically determined by 
comparing concentration and purity. However, for depot or 
sustained-release injectables, demonstrating equivalence requires 
comprehensive pharmacokinetic studies to assess release profiles 
and systemic exposure.

Transdermal patches: These deliver drugs through the skin, 
requiring a balance between adhesive properties, drug release, 
and permeability. In bioequivalence studies, parameters such as 
residual drug content and skin irritation are critical alongside 
pharmacokinetic comparisons.

Inhalation products: Metered-Dose Inhalers (MDIs) and Dry 
Powder Inhalers (DPIs) rely on Aerodynamic Particle Size 
Distribution (APSD) and in vitro studies to demonstrate
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influencing the need for in vivo bioequivalence studies. For BCS 
class I drugs (high solubility, high permeability), a waiver for in 
vivo studies (biowaiver) may be granted if dissolution profiles are 
similar.

CONCLUSION
Dosage forms are a cornerstone of bioequivalence, influencing 
the design, execution, and interpretation of studies. While oral 
solid dosage forms have well-established pathways for 
demonstrating equivalence, non-oral and complex formulations 
require more nuanced approaches. Regulatory frameworks are 
evolving to address these challenges, supported by advances in 
technology and scientific understanding. As the pharmaceutical 
industry continues to innovate, ensuring the bioequivalence of 
diverse dosage forms will remain a critical aspect of drug 
development.
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bioequivalence. However, in vivo studies assessing lung deposition 
and systemic exposure are often required due to the complexity of 
pulmonary drug delivery.

Topical and locally acting drugs: For dermatological formulations, 
bioequivalence may focus on local drug concentrations rather than 
systemic exposure. Techniques like dermal microdialysis and 
pharmacodynamic studies are gaining traction for evaluating 
equivalence in these products.

Regulatory perspectives on dosage forms in
bioequivalence

Regulatory agencies like the U.S. Food and Drug Administration 
(FDA), the European Medicines Agency (EMA). These 
guidelines provide a framework for designing studies, selecting 
appropriate endpoints, and ensuring the reliability of results:

Biopharmaceutics Classification System (BCS): The BCS 
categorizes drugs based on their solubility and permeability,
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