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Statement of Purpose: Environmentally responsive 
hydrogels have been developed for oral protein delivery.  
These materials such as poly(methacrylic acid-grafted-
ethylene glycol) (P(MAA-g-EG)) have been shown to 
protect the bioactivity of protein drugs through the 
stomach but release the drug in small intestine.  The 
interactions of P(MAA-g-EG) microspheres with the 
intestine wall can be enhanced by the addition of tethered 
structures1.  In this study, the dextran is incorporated into 
P(MAA-g-EG), and the properties of this new material 
are evaluated. 
Methods: Hydrogels of methacrylic acid (MAA) with 
grafts of poly(ethylene glycol) (PEG) and dextran (Dex) 
P(MAA-dg-EG-Dex) were prepared by a UV-initiated 
free radical polymerization.  First, an acrylate group was 
added to dextran (Sigma-Aldrich) using acryloyl chloride 
(Acros Organics, Morris Plains, NJ).  Ethylene glycol 
dimethacrylate (EGDMA) (Polysciences, Inc.) was used 
as the crosslinker, and Irgacure®184 (1-hydroxy-
cyclohexyl phenyl ketone) (Sigma-Aldrich) was used as 
the initiator.  MAA, PEG, and dextran-acrylate were 
solubilized in an aqueous solution of sodium hydroxide 
and ethanol.  The solution was sonicated and placed in a 
sealed glove box.  The solution and glove box were 
purged with nitrogen for 20 minutes.  The solution was 
transferred to a mold (consisting of two glass plates and a 
Teflon spacer) and exposed to UV light for 30 minutes 
using a (Dymax 2000 Light Curing System) with an 
intensity of 16-17 mW/cm2.  The polymer film was 
removed from the mold and washed with deionized water 
for 7 days to remove any unreacted components.   

Dynamic swelling studies were performed on dry 
disks of P(MAA-dg-EG-Dex) to determine their pH 
responsiveness.  Disks of P(MAA-g-EG) and P(MAA-dg-
EG-Dex) with a 1cm diameter were punched from washed 
films.  Disks were air dried for 24 hours and then vacuum 
dried overnight at 37˚C to remove any water remaining in 
the polymer.  The polymer was placed in dimethylglutaric 
acid buffer of increasing pH (3.2-7.6) and constant ionic 
strength for 5 minutes each.  The swelling ratio of the 
polymer was calculated at each pH.   

In order to evaluate the potential of P(MAA-dg-
EG-Dex) systems for protein delivery, its loading and 
release kinetics were studied.  P(MAA-g-EG) and 
p(MAA-dg-EG-Dex) films were vacuum dried, then 
crushed and sieved to form 90-150μm particles.  These 
particles were loaded with insulin via equilibrium 
partitioning in pH 7.0 buffer for 2 hours.  After 2 hours, 
the particles were collapsed, filtered, and washed to 
remove any unloaded insulin.  The particles were freeze 
dried for 24 hours and stored at -80˚C until use.  High 
performance liquid chromatography (HPLC) data was 
used to determine the concentration of insulin in the 
original solution and the concentration of insulin 
remaining in solution after collapsing the particles.  The 

loading efficiency was determined for the p(MAA-g-EG) 
and p(MAA-dg-EG-Dex) particles by calculating the 
percent of insulin loaded from the initial amount. 
Results: Swelling studies demonstrated that  P(MAA-dg-
EG-Dex) polymers had almost double the swelling ratio 
of p(MAA-g-EG) polymers shown in Figure 1.  This 
indicates that a greater degree of complexation may be 
achieved between carbohydrate grafts and the methacrylic 
acid backbone than poly(ethylene glycol) grafts.  

 
 

P(MAA-dg-EG-Dex) microspheres had a higher 
loading efficiency of insulin (of 88.09%) than p(MAA-g-
EG) particles (77.39%), but a similar release profile.  
These results show that P(MAA-dg-EG-Dex) 
microspheres can be used for release of protein drugs 
such as insulin. 
Conclusions:  P(MAA-dg-EG-Dex) hydrogels were 
shown to have both pH-responsive swelling properties 
and loading and release capabilities.  This work 
demonstrates that hydrogels modified with dextran have 
properties which are desirable for oral protein delivery 
systems. 
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Figure 1: Swelling ratio of P(MAA-dg-EG-Dex) 
hydrogels with increasing pH. 

Figure 2: Insulin release profile from P(MAA-dg-
EG-Dex) microspheres. 


