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Statement of Purpose: Oral delivery is considered to be 
the most desirable delivery form due to good patient 
compliance. Oral protein delivery is limited by the harsh 
environment of the GI tract, the decreased ability of the 
insulin to cross the intestinal epithelium due to its large 
size, and the ability to maintain the stability and 
bioactivity of the drug. Poly(methyacrylic acid-g-ethylene 
glycol) (P(MAA-g-EG) compexation hydrogels improve 
delivery by remaining collapsed in the stomach, therefore 
protecting insulin from acid hydrolysis, and expanding in 
the small in small intestine, where the drug is to be 
absorbed. Using this delivery system, bioavailabilities as 
high as 12.8% have been achieved.  

One issue with P(MAA-g-EG) hydrogels is that 
is that once insulin is released, it is no longer protected 
from proteolytic degradation in the digestive tract.  This 
issue was addressed by covalently attaching poly(ethylene 
glycol) PEG to insulin  PEGylated proteins have been 
shown to maintain activity by preventing proteolytic 
degradation, preventing the approach of antigens, and 
improving drug stability. PEG(2000) insulin (2KPI), 
which was covalently attached to insulin at the B29Lys 
position, was used for study. 

PEGylated insulin (PI) was analyzed for 
transport using an intestinal epithelial model and an in 
vivo rat model. Finally a complexation hydrogel carrier 
was developed to optimize drug loading and release 
behavior.  As it was believed that interactions between the 
hydrogel and PEGylated insulin would be governed by 
hydrogen bodning, the effects of PEG graft chain density 
and length were evaluated. 
Methods: A cell transport study was initially used to 
evaluate the permeability of PEGylated insulin. A 50:50 
coculture of Caco-2/HT29-MTX cells was grown on a 0.2 
µm polycarbonate Transwell™ plate until transepithelial 
resistance (TEER) values become constant. At the start of 
the study, cells media was replaced with 1 mg/mL 1:1 
MAA:EG P(MAA-g-EG) microparticles and 0.2 mg/mL 
2KPI in HBSS.  TEER values were measured and 0.1 mL 
samples were withdrawn at 0, 5, 10, 15, 30, 60, 120 and 
180 minutes from the basolateral chamber.  Samples were 
also removed at time 0 and 180 from the apical chamber. 
The concentration of these samples was determined with 
ELISA.  Pharmacological availability was determined in 
Sprague-Dawley rats by comparing subcutaneously 
injected insulin to subcutaneously injected conjugates and 
conjugates delivered to the small intestine during a closed 
loop intestinal study.   
 Lastly, four different P(MAA-gEG) hydrogels 
were synthesized and crushed into microparticles with 
ratios and PEG graft lengths as follows: 1:1 MAA:EG 
with PEG(1000) grafts, 3:1 MAA:EG with PEG(1000) 
grafts, 3:1 MAA:EG with PEG(2000) grafts, and P(MAA) 
without grafts. 

Loading of 2KPI was accomplished by equilibrium 
partitioning. 2KPI was incubated for 2 hours in PBS in 
the presence of microparticles.  HCl was added to 
collapse the particles, which were incubated in HCl for an 
additional 30 minutes. Release studies were performed at 
37°F and 100 RPM in PBS.  Concentrations were 
measured with HPLC. 
Results: Results from the intestinal transport studies 
showed that 2KPI in the presence of P(MAA-g-EG) 
performed similarly to insulin with respect to TEER, 
demonstrating that 2KPI did not cause additional damage 
to the cell membrane. Because PI is hydrophilic, it was 
believed transport may be inhibited.  The Caco-2/HT29 
epithelial models show reduction, but not inhibition of 
transport.  When PI conjugates were delivered to the rats 
gut in solution, it was shown that 2KPI improved 
pharmacological available by nearly 6.5 times when 
compared to unconjugated insulin. The resistance to 
proteolytic degradation, and improved residence time may 
make up for the reduction in transport. 

The aforementioned hydrogel formulations were 
evaluated as possible oral delivery carriers.  Some loading 
of 2KPI occurred before collapse due to diffusion.  Once 
the hydrogel was collapsed, loading percentages greater 
then 96% were achieved for all polymer formulations 
except 1:1 MAA:EG. It is believed that the decreased 
loading was due to steric hindrance of the hydrogen 
bonding by the PI. Release was also limited for the 1:1 
MAA:EG  polymer. As the density of the polymer grafts 
decreased, the release of the PI increased. 
Conclusions: Regardless of the fact that PEGylation, 
reduces the pharmacokinetic availability when injected 
subcutaneously, 2kPI was shown to improve 
pharmacologic availability when administered to the 
small intestine.  This likely occurs because PEG decrease 
proteolytic degradation and improves protein stability in 
the small intestine, and once the PI conjugate reaches the 
bloodstream, it serves to improve residence time. 

A P(MAA-g-EG) polymer carrier was developed 
for 2KPI. While loading and release is the highest for 
P(MAA) particles without grafts, these polymers likely do 
not provide the mucoadhesive benefit that is provided 
with P(MAA-g-EG).  For loading, the 3:1 MAA:EG 
polymer with PEG (2000) performed similarly to 
P(MAA).  With respect to released, slightly less conjugate 
over the two hour time frame was released. However, the 
PEG grafts on this polymer provide the protective and 
mucoadhesive benefits, which will likely improve the 
delivery characteristics in vivo.  A gel capsule delivery 
study in Sprague-Dawley rats using these polymers is 
currently underway to further evaluate these polymers.  


