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INTRODUCTION 

Oral delivery is the most preferred and convenient 

administration route for drugs due to its many advantages 

compared to other invasive methods. Despite the many 

advantages for this route of administration, the 

gastrointestinal (GI) tract presents several challenges like 

an acidic environment in the stomach, degradation 

enzymes and the intestinal absorption barrier. All of these 

challenges might damage the drug and thereby decrease 

the oral bioavailability of the drug [Gavhane et al., 2012]. 

In order to protect drugs until they reach the site of 

absorption in the intestine, many different types of oral 

drug delivery systems have been proposed. One of such 

protective systems is microcontainers. Microcontainers 

are cylindrical polymeric devices in the sub-millimeter 

range, approximately 300 µm in diameter and height. 

Overall, microcontainers are loaded with a desired drug 

formulation, coated with a pH sensitive polymeric lid and 

then filled into a gelatin capsule that can be orally dosed. 

The capsule dissolves in the stomach whereas the pH 

sensitive lid on the microcontainers will not dissolve 

before reaching the higher pH of the small intestine. 

Microcontainers have previously shown unidirectional 

drug release and great mucoadhesive properties [Nielsen 

et al., 2016 and Mazzoni et al., 2017]. 
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Figure 1. SEM images of a microcontainer that is a) empty,      

b) loaded with BaSO4 and c) coated with Eudragit® S100. 

 

 

 

The purpose of the study presented here was to 

investigate a setup to be used for easy and fast 

visualization of microcontainers in the GI tract of rats 

using x-ray imaging. Such visualization can provide 

information on where the microcontainers adhere to the 

intestinal mucus layer and when the pH sensitive lid 

dissolves. These are both very important parameters when 

considering release and absorption of drugs. In order to do 

x-ray imaging of microcontainers, a contrast agent was 

loaded into them. Until now, this setup with loaded 

contrast agent has been tested in vitro, ex vivo and in vivo. 

EXPERIMENTAL 

Microcontainers were fabricated in a negative epoxy-

based photoresist, SU-8, using two steps of 

photolithography [Nielsen et al., 2012]. Microcontainers 

were loaded with an x-ray contrast agent of BaSO4 using 

a simple brush method followed by an enteric coating of 

Eudragit® S100 applied by spray coating. Moreover, 

empty microcontainers were used as a control. Empty, 

loaded and coated microcontainers were inspected with 

45o-tilted scanning electron microscopy (SEM). In order 

to prepare for in vivo x-ray imaging where oral dosing of 

microcontainers was needed, approximately 600 

microcontainers, either empty or with BaSO4, were filled 

into size 9 gelatin capsules. The x-ray contrast of the 

filled capsules was tested in vitro and ex vivo using a 

small piece of rat intestine with an In Vivo Imaging 

System Lumina XRMS (IVIS). Only BaSO4 

microcontainers were utilized for the initial in vivo x-ray 

imaging. An albino Sprague-Dawley rat was anesthetized 

using isoflurane and then a single gelatin capsule was 

orally dosed into the stomach by oral gavage. From this 

point, x-ray imaging was carried out after 5, 10, 20 and 30 

min with the IVIS while maintaining the anesthesia. 

 



 - 2 - 

RESULTS 

The fabricated SU-8 microcontainers had approximate 

inner and outer diameters of 237 µm and 322 µm, 

respectively, whereas the approximate inner and overall 

heights were 233 µm and 270 µm, respectively. Empty 

microcontainers were loaded with 10.5±1.9 µg (n=5) 

BaSO4 per microcontainer and subsequently, they were 

coated with an approximately 25 µm thick Eudragit® 

S100 layer, see Figure 1. 

The in vitro and ex vivo x-ray imaging of the capsules 

filled with either empty or BaSO4 microcontainers are 

shown in Figure 2. It was observed that only BaSO4 

microcontainers showed a clear contrast, which was 

expected, as x-rays are heavily scattered from chemical 

elements with a high electron density. In addition, the x-

ray images showed that signals from individual BaSO4 

microcontainers can be clearly distinguished both in vitro 

and ex vivo. 
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Figure 2. In vitro and ex vivo x-ray imaging with a) empty 

microcontainers and b) with BaSO4 microcontainers. 
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Figure 3. In vivo x-ray images of orally dosed capsule filled 

with BaSO4 microcontainers; a) overview after 5 min and b-d) 

zoom-in after 10, 20 and 30 min. Inserts show the capsule. 

 

The initial in vivo x-ray imaging of capsules filled with 

BaSO4 microcontainers is presented in Figure 3. As for 

the in vitro and ex vivo images, signals from individual 

microcontainers were also observed throughout the in 

vivo study. It took between 10-20 min before the orally 

dosed capsule started to dissolve in the stomach and until 

then, the microcontainers did not drift away from each 

other. After 20-30 min, the capsule had dissolved and the 

microcontainers started to individualize. An important 

note from the x-ray images was that not much movement 

of the capsule or the microcontainers appeared at all. A 

possible explanation to this might be a lack of motion and 

a lack of water in the rat. The rat was anesthetized 

throughout the study which decreases the whole GI 

peristalsis. Future studies will be conducted with a proper 

GI peristalsis giving the rat access to water and motion. 

CONCLUSION 

In vitro and ex vivo x-ray imaging were carried out with 

empty microcontainers and microcontainers loaded with 

an x-ray contrast agent of BaSO4. Very distinguishable 

signals from individual microcontainers were observed 

for the BaSO4 microcontainers. Based on this observation, 

in vivo x-ray imaging of BaSO4 microcontainers was 

initiated and examined on an anesthetized rat. Again, 

signals from individual microcontainers were observed 

but the GI peristalsis was very low so the microcontainers 

did not drift further from each other within the time frame 

of the study. 
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