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Dear Editor,

The successful development of a pharmaceutical 
product depends not only on the properties of the active 
pharmaceutical ingredient (API) but also on its compatibility 
with the excipients used in the formulation. Excipients 
are generally considered inactive components; however, 
they can influence the physical stability, chemical stability, 
dissolution, bioavailability, and overall performance of a 
drug product. Therefore, understanding drug–excipient 
interactions should be an important part of pharmaceutical 
development rather than an issue addressed only during 
late-stage formulation studies.

Drug–excipient interactions can occur through physical 
or chemical mechanisms. Physical interactions may involve 
adsorption, complex formation, changes in crystallinity, or 
alterations in particle properties. Chemical interactions may 
involve oxidation, hydrolysis, acid–base reactions, or other 
transformations that can affect the stability of the API. Even 
relatively small interactions can influence the quality and 
performance of a finished pharmaceutical product.

From an analytical chemistry perspective, identifying 
these interactions requires appropriate characterization 
strategies. Techniques such as differential scanning 
calorimetry, thermogravimetric analysis, Fourier-transform 
infrared spectroscopy, X-ray diffraction, chromatography, and 
mass spectrometry can provide complementary information 
about potential incompatibilities. These approaches can help 
determine whether changes observed during formulation 
are associated with chemical degradation, physical 
transformation, or interactions between formulation 
components.

The importance of drug–excipient compatibility 
becomes particularly evident for chemically sensitive drug 
substances. An API may demonstrate acceptable stability 
under isolated conditions but show accelerated degradation 
when combined with a particular excipient. Moisture, 
temperature, pH, oxygen, and the chemical functionality of 
an excipient can contribute to such changes. Consequently, 
compatibility studies should consider realistic formulation 
and storage conditions rather than relying solely on simple 
laboratory mixtures.

Drug–excipient interactions may also influence drug 
release and bioavailability. Excipients can modify wetting, 
dissolution, solubilization, viscosity, and gastrointestinal 
behavior. While these effects may sometimes be intentionally 
exploited to improve drug delivery, unexpected interactions 
can produce inconsistent drug release or alter the amount 
of active drug available for absorption. Understanding 
these relationships is therefore important for developing 
formulations with predictable performance.

Another important consideration is the growing use of 
advanced drug-delivery systems. Nanoparticles, amorphous 
solid dispersions, lipid-based formulations, and other 
specialized systems frequently contain multiple excipients 
with distinct physicochemical properties. The increasing 
complexity of these formulations creates additional 
opportunities for interactions between the API and 
formulation components. Comprehensive characterization is 
therefore becoming increasingly important as pharmaceutical 
formulations become more sophisticated.

Early compatibility assessment can also support more 
efficient formulation development. Identifying problematic 
excipients before extensive formulation optimization 
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may reduce development time and avoid unnecessary 
experimentation. Analytical information obtained during 
early screening can guide the selection of appropriate 
excipients and help establish more robust formulation 
strategies.

Greater collaboration between medicinal chemists, 
analytical chemists, formulation scientists, and 
pharmaceutical technologists could further strengthen 
this process. Medicinal chemistry can provide information 
about the chemical vulnerabilities of an API, while analytical 
chemistry can identify and characterize changes occurring 
in the presence of formulation components. Formulation 
scientists can then use this information to select excipients 
and processing conditions that minimize undesirable 
interactions.

Importantly, drug–excipient compatibility should 
not be viewed simply as a formulation requirement. It 

represents a connection between molecular structure, 
analytical characterization, pharmaceutical technology, 
and therapeutic performance. Understanding how an API 
behaves in the presence of other formulation components 
can provide valuable information about the final product and 
its long-term quality.

In conclusion, drug–excipient interactions deserve 
greater attention throughout pharmaceutical development. 
Excipients can influence the stability, dissolution, 
bioavailability, and quality of pharmaceutical products, 
and their effects may not always be apparent from API 
characterization alone. Early application of complementary 
analytical techniques can help identify potential 
incompatibilities and support rational formulation design. 
A more integrated approach to drug–excipient compatibility 
can ultimately contribute to the development of stable, 
consistent, and therapeutically reliable pharmaceutical 
products.
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