
 
 
General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright 
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 

 Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 

 You may not further distribute the material or use it for any profit-making activity or commercial gain 

 You may freely distribute the URL identifying the publication in the public portal 
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
  
 

   

 

 

Downloaded from orbit.dtu.dk on: May 19, 2023

3D Printed Microdecives for Oral Drug Delivery

Chang, Tien-Jen; Voss, Martin; Vaut, Lukas; Christfort, Juliane Fjelrad; Hwu, En Te; Nielsen, Line
Hagner; Boisen, Anja

Publication date:
2021

Document Version
Publisher's PDF, also known as Version of record

Link back to DTU Orbit

Citation (APA):
Chang, T-J., Voss, M., Vaut, L., Christfort, J. F., Hwu, E. T., Nielsen, L. H., & Boisen, A. (2021). 3D Printed
Microdecives for Oral Drug Delivery. Abstract from 12

th
 World Meeting on Pharmaceutics, Biopharmaceutics

and Pharmaceutical Technology.

https://orbit.dtu.dk/en/publications/771707a9-2803-4e38-bed7-4d24dc9b5849


 - 1 - 

3D Printed Microdevices for Oral Drug Delivery 
1st Tien-Jen Chang; 2nd Martin Voss; 2nd Lukas Vaut; 3rd Juliane Fjelrad Christfort; 4th En-Te 

Hwu; 5th Line Hagner Nielsen; 6th Anja Boisen 
The Danish National Research Foundation and Villum Foundation’s Center for Intelligent Drug Delivery and Sensing Using 
Microcontainers and Nanomechanics (IDUN), Department of Health Technology, Technical University of Denmark, Kgs. 

Lyngby, Denmark, tiech@dtu.dk 
 

INTRODUCTION 
In the past years, microcontainers for oral drug delivery 
were validated for increasing the absorption and thereby, 
the oral bioavailability of e.g. poorly water-soluble drugs. 
[1][2] Traditionally, microcontainers are polymeric and 
cylindrical drug delivery microdevices with an outer 
diameter of approximately 300 µm. A pH-sensitive 
polymeric lid coated on the cavity of the drug-loaded 
microcontainers isolates the drug from the harsh gastric 
environment and offers a fast release in the small intestine. 

When the microcontainers reach the small intestine, the 
drug absorption often depends on the adhesion of the 
microcontainers to the intestinal epithelium. The longer the 
adhesion, the more drug will have the possibility to be 
absorbed. Although, the microcontainers offer 
unidirectional drug release directly to the intestinal 
epithelium, the symmetrical cylindrical shape makes the 
microcontainers randomly spread and release the drug in all 
directions. The microcontainers with spikes on the cavity 
were proposed for assisting the devices in sticking onto the 
mucus layer, as the increased contact area of the spikes led 
to a stronger mucus adhesion. [3] To realize this 
complicated feature, 3D printing is the most suitable 
method for fabricating the microcontainers. Nevertheless, 
limited by printing resolution, the size of 3D printed 
containers until now was on the millimeter scale. [3]  

In this study, we utilized an HD-DVD optical pickup unit  
to custom build a micro-scale stereolithography 3D printer 
for manufacturing microcontainers in the micrometer size 
and in four different shapes. The fabricated microcontainers 
were tested on an ex vivo open perfusion model to 
investigate the influence of shape on mucus adhesion force. 
Moreover, the microcontainers were loaded with the model 
drug, furosemide followed by coating a pH-sensitive 
polymer on the cavity of the drug-loaded microcontainers.  

METHODS 

3D Printing of the Microcontainers 
The custom-built 3D printer (Fig. 1a) utilies a 405 nm 
wavelength laser to crosslink photo-resin for manufacturing 
the microcontainers. [4] Four different kinds of micro-
containers were designed (Fig. 1b) and printed.  

 
Figure 1. a) Drawings of the custom-built 3D printer with 
submicron printing resolution b) schematics of the four 

designs of the microcontainers  

Mucoadhesion Testing Using an ex vivo Open Perfusion 
Model  
For testing the adhesion between the intestinal mucus layer 
and the devices, the 3D printed microcontainers were 
randomly distributed on top of an inclined open porcine 
small intestinal tissue. [5] An angled holder tilted the 
intestinal tissue to 30˚ followed by perfusing the tissue with 
10 mL/min of phosphate buffer for 10 min. The whole set-
up was in a controlled environment to maintain the 
temperature at 37°C and the relative humidity at 80%. 

Drug Loading and Lid Coating 
Furosemide powder was loaded into the 3D printed 
microcontainers by using a manual brush method. After 
loading, Eudragit® L100 was spray coated on the cavity of 
the microcontainers. 

RESULT AND DISCUSSION 

Fabrication of the Microcontainers 
100 microcontainers of the four designs were 3D printed. 
After the 3D printing process, a 99 % ethanol solution was 
utilized to wash the residual photo-resin. The size of the 
standard and larger cylinders was 297 µm and 420 µm in 
outer diameter, respectively, and the length of the square 
microcontainers was 260 µm (Fig 2). In Fig 2d, 10 pillars of 
10 µm in diameter and 20 µm in height can be seen printed 
on standard cylinder microcontainers.  



 - 2 - 

 
Figure 2. SEM images of 3D printed microcontainers in the 

design of a a) standard cylinder b) larger cylinder c) square d)  
standard cylinder with pillars 

Mucoadhesion Testing Using an ex vivo Open Perfusion 
Method  
After perfusing phosphate buffer for 10 min onto the 
microcontainers placed on the intestinal tissue, the standard 
cylinders, larger cylinders and squares had 23 %, 0 % and 6 
% microcontainers, respectively staying at their original 
location. The standard cylinder with pillars had the 
strongest adhesion force, as it had the highest non-moving 
amount of microcontainers of 24 %. This study showed that 
the standard cylinder shape has better adhesion force than 
square and larger cylinder shapes, and the micro pillar 
could slightly increase the adhesion force. For a better 
mucoadhesion, the micro pillars on the cylinder should be 
optimized in diameter, length and shape.  

 
Figure 3. The comparison of initial placed and non-moving 

quantity, and non-moving rate of four microcontainers designs 
in ex vivo open perfusion method 

Drug Loaded and Lid Coated Microcontainers 
Here, the square microcontainers were loaded with 
furosemide powder (Fig 3a). The spray coating process 
perfectly generated a Eudragit® L100 lid on the cavity of 
the microcontainers (Fig 3b).  

 

 
Figure 3. SEM images of square microcontainers a) loaded 
with furosemide powder followed by b) coating a lid with 

Eudragit® L100 

CONCLUSION 
In this study, we 3D printed micron-scale containers for 
oral drug delivery. The loading and coating process 
facilitate controlled drug release in the future. An ex vivo 
intestinal perfusion test showed that the standard cylinders 
had the strongest mucoadhesion. Micropillars on the edge 
of the cylinder were found to improve mucoadhesion to 
intestinal tissue. 
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