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Introduction: A transdermal drug delivery systems (TDDS) is designed to deliver an active 
pharmaceutical ingredient (API) through skin. Permeation of an API through skin is controlled 
for systemic effects by adjusting drug concentration, excipient composition and patch design.  A 
bilayer, drug-in-adhesive TDDS design affords improved regulation of the drug release profile by 
varying thicknesses and spatial distribution of an API across each layer.  In this study, we 
evaluate the co-release of two fixed-dose APIs from a bilayer TDDS by modifying spatial 
distribution and layer thickness while maintaining the same overall formulation composition. 
 
Methods: TDDS were prepared by solvent casting methods. The release profile was evaluated 
via Franz Cell apparatus using a Strat-M membrane. The receptor solution was kept at 32°C and 
samples were taken at 6, 12, 24, 48 and 72 hours. HPLC analysis evaluated permeation results.  
 
Results: The inverse relationship between the fentanyl and abuse-deterrent API permeation 
profile allows for a tailored release of API that is based on the patch design. Depending on the 
bilayer design, fentanyl  permeation was either decreased or maintained while abuse-deterrent 
API permeation either maintained or decreased. Bilayer C achieved similar fentanyl release to 
the monolith while minimizing abuse-deterrent API permeation. A significant reduction in 
abuse deterrent API permeation across human skin was achieved with Bilayer C. Lastly, 
monolith and bilayer systems demonstrated the ability to permeate a  consistent dose when 
stored at accelerated conditions over an 8 week period 
 
Conclusion: We report a novel approach to transdermal delivery of a fixed-dose combination of 
two APIs in a bilayer TDDS that independently controls the permeation rate of each drug. This 
advances the field to a new level of capabilities and positions transdermal drug delivery for co-
administration of APIs according to three generalized outcomes: decreased drug 1 permeation 
and maintained drug 2 permeation, decreased permeation of both drugs or maintained drug 1 
permeation while decreasing drug 2 permeation. Bilayer formulations demonstrated a stable 
drug release profile for each API over 8-weeks at the ICH accelerated storage condition, 40°C / 
75% RH. 
 
 
 
 


