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Surface interactions play a key role in the design and delivery of a pharmaceutical product.  After the 
steps of drug formulation, it is important for the design and evaluation of the fabrication process to 
perform further tests, like microscopic evaluation.  Since Atomic Force Microscopy (AFM) provides 
the ability to investigate surface structure at nanometer-to-subangstrom resolution in ambient and 
liquid environments, it has been applied to a wide range of studies in pharmaceutical research.  

For many years, the AFM has been used routinely in many scientific fields, commonly investigating 
DNA, proteins, and cells in biological studies; structure and component distribution in polymer 
science; pN force interactions and surfactant behavior in colloid science; and physical/mechanical 
properties and fabrication variables in the material sciences.   Pharmaceutical research often consists 
of a combination of these scientific branches, which makes it a viable field for the application of 
AFM.  Plus, the ability of AFM to provide high resolution, three-dimensional surface structure 
regardless of sample conductivity makes it a powerful complement to other common analytical 
techniques currently available1.    

The applications of AFM to pharmaceutical research range from drug discovery to tablet 
manufacturing.  In drug research, AFM has been applied to investigating gene delivery vehicles2 

(figure 1), drug interactions3,4, disease mechanisms5, and crystal growth6.  Many of these studies are 
conducted in solution environments that mimic physiological conditions.  Once the drug is produced 
in crystalline and amorphous forms, it is typically processed into particles by micronization, spray-
drying, or supercritical fluid techniques.  The drug particle size and morphology can be characterized 
by AFM, as well as the granules and inhalation particles produced by mixing the drug with other 
components7.  Force studies between particles and gelatin capsule surfaces have been conducted to 
study their interaction mechanisms which can affect the distribution of particles from dry particle 
inhalers8.  Characterization of coatings used throughout tablet production are conducted to tailor the 
fabrication parameters to achieve the desired morphology (figure 2).  Dissolution mechanisms have 
also been visualized in situ to study rate and behavior in different fluid environments9.  Thus, AFM 
has been used throughout the drug fabrication process to characterize morphology and interaction 
mechanisms.   
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Figure 1. Two different condensed states of DNA from a study of non-viral gene delivery vehicles:  
a) Condensed negatively charged with 0.2mM NiCl2, b) Condensed positively charged.  Depending 
on the formation mechanism, the condensates are tightly packed or slightly unraveled10.  1 µm scans.  

   

Figure 2. Tablet coating which functions as a membrane for controlled-release applications showing 
complex pore structure.  Surface structure, roughness and surface area are characterized in (b)11.  
5µm scan.
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