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DESCRIPTION
Understanding the dynamics of drug concentrations in the 
human body is essential for effective pharmacotherapy. When 
administering medication, it's important to consider both the 
amount of the drug that is active and available to have 
therapeutic effects, in addition to its overall concentration. This 
active fraction, known as the unbound drug concentration, is the 
solution to drug efficacy and toxicity. This article delve into the 
intricacies of calculating unbound drug concentrations in human 
plasma, serum, or urine, explain the methods and factors 
involved.

The significance of unbound drug concentrations

Before delving into calculations, understand the significance of 
unbound drug concentrations. When a drug enters the 
bloodstream, it binds to proteins such as albumin and alpha-1 
acid glycoprotein. This binding is reversible and affects the drug's 
distribution and elimination. However, only the unbound 
fraction of the drug can traverse cell membranes and interact 
with its target receptors, exerting its pharmacological effects. 
Therefore, measuring the unbound drug concentration provides 
a more accurate reflection of its pharmacokinetic profile and 
therapeutic potential.

Methods for calculating unbound drug
concentrations

Several methods exist for determining unbound drug 
concentrations, each with its advantages and limitations. The 
choice of method depends on factors such as the drug's 
properties, sample matrix, and available resources. Here are some 
common approaches:

Equilibrium dialysis: In this standardized approach, a semi-
permeable membrane separates the drug and protein solution, 
allowing only the unbound drug to pass through. By measuring 
the drug concentration before and after dialysis, researchers can 
calculate the unbound fraction accurately. Despite its precision,

equilibrium dialysis is labor-intensive and time-consuming, 
limiting its utility in high-throughput settings.

Ultrafiltration: This technique involves passing the sample 
through a filter with a specific molecular weight cutoff, retaining 
protein-bound drug molecules while allowing the unbound 
fraction to pass through. By quantifying the drug concentration 
in the filtrate, researchers can estimate the unbound drug 
concentration. Ultrafiltration offers a faster alternative to 
equilibrium dialysis but may be prone to protein binding 
artefacts.

Ultrafiltration with centrifugation: Combining ultrafiltration 
with centrifugation enhances the accuracy of unbound drug 
measurements. After ultrafiltration, centrifugation separates the 
unbound drug from the filtrate, minimizing the risk of protein 
binding artefacts. This method provides reliable results with 
reduced processing time compared to equilibrium dialysis.

Factors influencing unbound drug concentrations

Several factors influence the determination of unbound drug 
concentrations and must be considered during calculations:

Protein binding: The extent of protein binding varies among 
drugs, affecting the unbound fraction available for 
pharmacological activity. Drugs with high protein binding 
require careful consideration during calculation to avoid 
underestimation of unbound concentrations.

Sample matrix: The choice of sample matrix (plasma, serum, or 
urine) can impact unbound drug measurements due to 
differences in protein composition and viscosity. For instance, 
urine samples may contain lower protein levels than plasma or 
serum, potentially affecting the accuracy of results.

pH and temperature: Changes in pH and temperature can alter 
protein-drug binding affinity, influencing the equilibrium 
between bound and unbound fractions. Therefore, maintaining 
consistent pH and temperature conditions is important for 
reliable calculations.
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Drug interactions: Concurrent administration of multiple drugs
can affect protein binding and alter the unbound drug
concentration of individual medications. Understanding
potential drug interactions is essential for accurate
interpretation of unbound drug measurements.

Clinical implications: Accurate determination of unbound drug
concentrations has significant clinical implications, guiding
dosing regimens and minimizing the risk of adverse effects. By
accounting for protein binding and considering individual
patient factors, clinicians can optimize therapeutic outcomes
while minimizing toxicity. Additionally, monitoring unbound

drug concentrations enables timely adjustments in drug therapy,
ensuring efficacy and safety throughout the treatment course.

Calculating unbound drug concentrations in human plasma,
serum, or urine is a multifaceted process that requires careful
consideration of methods and influencing factors. By employing
techniques such as equilibrium dialysis, ultrafiltration, and
accounting for variables like protein binding and sample matrix,
researchers can obtain accurate measurements of the active drug
fraction. These measurements hold immense clinical relevance,
guiding personalized pharmacotherapy and improving patient
outcomes in the area of modern medicine.
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