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DESCRIPTION
Microdosing, a pharmacological approach involving the adminis- 
tration of subtherapeutic doses of a drug, has emerged as a 
promising tool in drug development. While traditionally associated 
with early-phase clinical trials to assess Pharmacokinetics (PK) and 
Pharmacodynamics (PD), microdosing is increasingly being 
explored in bioequivalence studies. Microdosing offers unique 
advantages in this context, including reduced risk to participants, 
lower costs, and the ability to gather critical pharmacokinetic data 
efficiently. Microdosing involves administering doses are designed 
to avoid systemic pharmacological effects while still providing 
meaningful PK data. Using sensitive analytical techniques like 
Accelerator Mass Spectrometry (AMS) or Liquid Chromatography-
Tandem Mass Spectrometry (LC-MS), microdosing studies can 
track the absorption distribution and metabolism of a drug with 
high precision.

Bioequivalence studies traditionally compare the PK profiles of a 
generic drug and its reference product at therapeutic doses. The 
primary endpoints, such as maximum plasma concentration and 
Area Under the Concentration-time curve (AUC), are assessed to 
determine whether the two formulations are interchangeable. 
Microdosing could redefine this paradigm by enabling 
bioequivalence studies at subtherapeutic levels, thus reducing the 
associated risks and ethical concerns. Bioequivalence studies 
often involve healthy volunteers who are exposed to therapeutic 
doses of drugs. While these doses are generally safe, there is 
always a risk of adverse effects, especially for drugs with narrow 
therapeutic indices or those prone to idiosyncratic reactions. 
Microdosing minimizes this risk by using doses that are too low 
to elicit systemic effects. This makes the approach particularly 
appealing for vulnerable populations or for studies involving 
high-risk drugs.

Traditional bioequivalence studies can be resource-intensive, 
requiring large sample sizes, extensive monitoring, and complex 
logistics. Microdosing studies, on the other hand, can 
significantly reduce costs by requiring fewer participants and less 
drug material. The streamlined nature of these studies also 

means that they can be conducted more quickly, facilitating 
faster decision-making in the drug development pipeline. With 
the advent of advanced analytical techniques, microdosing 
studies can generate highly accurate and reproducible PK data. 
Technologies like AMS allow for the detection of minute drug 
concentrations, enabling researchers to gather detailed insights 
into a drug’s behavior in the body. This precision is particularly 
valuable for evaluating bioequivalence, as even small differences 
in PK profiles can be detected.

One of the most significant challenges in microdosing is the 
potential for nonlinear pharmacokinetics. Some drugs exhibit 
dose-dependent changes in ADME processes, meaning that their 
behavior at microdoses may not accurately predict their behavior 
at therapeutic doses. For example, enzymes involved in drug 
metabolism may become saturated at higher doses, leading to 
different elimination rates. This discrepancy could complicate 
the use of microdosing data for bioequivalence assessments. 
Bioequivalence testing is tightly regulated by agencies like the 
U.S. Food and Drug Administration (FDA) and the European 
Medicines Agency (EMA). These agencies require robust 
evidence to demonstrate that a generic product is 
interchangeable with its reference drug. While microdosing is 
recognized as a valuable tool in early-phase clinical trials, its 
application in bioequivalence testing is still relatively novel and 
lacks standardized regulatory guidelines.

Microdosing studies focus primarily on pharmacokinetics and 
provide limited information about Pharmacodynamics (PD), which 
describes the drug’s effects on the body. For bioequivalence 
studies, understanding both PK and PD is often critical, especially 
for drugs with complex mechanisms of action. The absence of 
therapeutic effects at microdoses means that PD data must be 
extrapolated from other studies, adding complexity to the 
evaluation process. Microdosing represents a paradigm shift in 
bioequivalence testing, offering a safer, more cost-effective, and 
ethically sound alternative to traditional approaches. While 
challenges such as nonlinear pharmacokinetics and regulatory 
acceptance remain, advancements in analytical techniques, 
computational modeling, and regulatory engagement are creating 
the way for its broader adoption.
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