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Learning objectives:  

1. Explain the ideas behind the use of microcontainers 

2. Describe the workflow for preparation of dual-compartment microcontainers 

3. Evaluate the release of furosemide and propranolol from dual-compartment microcontainers 

 

INTRODUCTION: Micrometer-sized microcontainers have been developed for oral drug delivery. The role of 

the microcontainers is to protect the compound and later provide unidirectional release when desired (1). 

Studies have shown that microcontainers themselves are mucoadhesive (2), which makes them a promising 

delivery strategy for e.g. targeted delivery of small molecule drugs, therapeutic proteins or vaccines and 

probiotics. In this study, we aimed to develop a procedure to load two model compounds, furosemide and 

propranolol, into dual-compartment microcontainers and subsequently coat them with polymers to obtain 

sequential release. 

 

METHODS:  

Microcontainers with two concentric compartments were fabricated in SU-8 by fast prototyping using 

maskless lithography (Fig. 1A). Briefly, the inner compartment of the microcontainers was loaded with 

furosemide by applying a polydimethylsiloxane (PDMS) mask to cover everything but the inner compartment 

(Fig. 1B and C). After removal of the PDMS mask, the microcontainers were coated with Eudragit® S100 (Fig. 

1D) using a spray coater (SonoTek, Milton, NY, USA). As a next step, a PDMS mask was applied to cover only 

the area between the microcontainers in order to load the outer compartment with propranolol HCl (Fig. 1E 

and F). Lastly, the PDMS mask was removed (Fig. 1G) and the dual-compartment microcontainers were 

coated with Eudragit® L100 (Fig. 1H). The release of the two drugs was evaluated in phosphate buffered 

saline (PBS) (pH = 7.4) in a µDiss Profiler™ (Pion Inc., Billerica, MA, USA).  

 

RESULTS:  

Dual-compartment microcontainers were successfully fabricated with an outer height and diameter of 156 

and 322 µm for the inner compartment and 526 and 233 µm for the outer compartment. The inner 

compartment was loaded with 3.0 ± 1.2 µg furosemide and the outer compartment was loaded with 3.4  ± 

1.3 µg propranolol (mean ± SD, n = 4) (Fig. 1C and G). Uniform coatings of Eudragit® S100 and L100 were 

applied as a lid (Fig. 1D and H). The in vitro release profiles revealed a fast and immediate release of 

propranolol from the outer compartment coated only with Eudragit® L100 (100 % after 60 min). Conversely, 

furosemide was released slower from the inner compartment and only 25% was released after 60 min, 

resulting in sequential release of the two drugs (Fig. 2).  

 

CONCLUSIONS:  



Dual-compartment microcontainers were loaded with furosemide and propranolol in separate 

compartments and sequential release was demonstrated in vitro. Future studies will include pharmacokinetic 

studies in rats to confirm sequential release in vivo. 
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Fig. 1. Scanning electron microscopy (SEM) images of (a) one dual-compartment microcontainer with (b) 

PDMS shadow mask covering everything but the inner compartment, (c) the inner compartment loaded with 

furosemide, (d) coated with Eudragit® S100, (e) PDMS shadow mask covering the space around the 

microcontainer, (f) and (g) the outer compartment loaded with propranolol before and after removal of 

PDMS mask and (h) coated with Eudragit® L100. All scale bars represent 100 µm. 

 

 



 
 

Fig. 2. In vitro release of  propranolol and furosemide from dual-compartment microcontainers 

over time. Propranolol is released from the outer compartment and furosemide is released from the inner 

compartment (mean ± SD, n = 4). 
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