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ABSTRACT 
 

Novel biodegradable & injectable poly(β-amino ester)-poly(ε-caprolactone)-
poly(ethylene glycol)-poly(ε-caprolactone)-poly(β-amino ester)(PAE-PCL-PEG-PCL-
PAE) bi-functional, pH/temperature-sensitive, block copolymer hydrogels were 
prepared and applied to protein and drug delivery. In this study, human insulin(HI) 
was loaded into this copolymer as a model protein and the release of HI was 
investigated in vitro and in vivo. In in vivo experiments, the polymer solution including 
the complex between HI and copolymer was injected into normal rats and diabetic rats. 

 
1. INTRODUCTION  
 

Among the developed stimuli-sensitive materials, hydrogels showing a sol-gel 
transition with changing temperature or/and pH have been proposed for use as 
injectable drug delivery systems[1-2]. However, the loading of drug into those hydrogels 
was just the physical absorption of drug into the matrix of hydrogels, which limited the 
loading of drug into hydrogels, and the release of drug could not be controlled. Here, we 
report a tailored novel injectable polymeric material of which aqueous solutions 
undergo sol-gel transition by pH change, as well as by temperature change. 
Furthermore, this hydrogel has positive charges, and it can form ionic complexes with 
negatively charged drugs such as protein. As a result, the drug loading into the matrix is 
both by physical absorption and by ionic interaction. And thus the drug release could be 
controlled.  

 
2. MATERIALS AND METHODS  
 

PCL-PEG-PCL triblock copolymers are synthesized by ring opening polymerization 
from PEG and ε–caprolactone(CL) in the presence of stannous octate as a catalyst. The 
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composition and molecular weight of triblock copolymer to control the balance of 
hydrophobic/ hydrophilic of PEG/PCL was adjusted by the feed ratios of PEG and CL. 
And then, the triblock copolymer synthesized was acrylated by using acryloyl chloride 
and then pentablock copolymer(PAE-PCL-PEG-PCL-PAE) is synthesized by additional 
polymerization from acrylated triblock copolymer, 1,4-butandiol diacrylate(BDA), and 
4,4-trimethylene dipiperadine(TMDP). The chain length of pH-sensitive block of poly 
(β-amino ester) was controlled by the amount of BDA and TMDP. And the molecular 
structure and composition of triblock, pantablock copolymers were characterized by 
1H-NMR. And the number-average molecular weight and molecular distribution of 
these block copolymers were determined by gel permeation chromatography. The 
detailed synthesis process for triblock copolymer(PCL-PEG-PCL), acrylated triblock 
copolymer, pentablock copolymer (PAE-PCL-PEG-PCL-PAE) was described at Scheme 
1. In drug loading and release study, HI was loaded well into the matrix to form a 
complex mixture by ionic interaction at pH 6.0. The release of HI was investigated in 
vitro and in vivo experiments.  

 

 

Scheme.1  Outline of tri- & pentablock copolymers synthetic pathway 

3. RESULTS AND DISCUSSION  

 

The various PCL-PEG-PCL triblock copolymers were obtained from the ring 
opening polymerization. The molecular structure, molecular weight of the triblock 
copolymers synthesized and the average number of acrylate groups in the end of 
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acrylated PCL-PEG-PCL block copolymer obtained from the acrylation reaction can be 
calculated by the 1H-NMR spectrum with the known PEG molecular weight. We also 
checked the structure of the pentablock copolymer synthesized using 1H-NMR 
spectroscopy. Figure 1 shows a sol-gel transition behavior of PAE-modified block 
copolymer according to the pH and temperature change. The cytotoxicity of this 
copolymer was investigated; the result showed that this material could be used as a 
biomaterial for subcutaneous drug delivery system. In in vitro experiments, HI was 
released within 13 days. For in vivo experiment, the complex mixture of HI and 
copolymer was injected subcutaneously through a needle into rats, and the results 
showed that the releasing time of HI was around two weeks. We also investigated the 
blood glucose levels, body weight and insulin content of diabetic rats under the effect of 
HI-copolymer complex mixture in vivo. The results showed that they could be 
controlled by the amount of HI which was loaded into the hydrogel. Figure 2 shows the 
release profiles of insulin from these hydrogels in vivo. It should be noted that there was 
no initial burst of insulin from insulin-loaded hydrogel formulation. It may be due to 
the ionic complex formed between the insulin and hydrogel matrix. For in vivo 
experiment, the complex mixture was injected subcutaneously through a needle into 
rats, and it then formed a gel after injection. As can be seen, insulin-loaded hydrogel 
showed a sustained release profile for two weeks by a single injection.  

 
Figure 1. General sol-gel phase diagram. 
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Figure 2. Insulin release in vivo. 
 

 
4. CONCLUSIONS  

 
PAE-PCL-PEG-PCL-PAE pentablock copolymers were synthesized and sol-gel 

phase transition of aqueous media of the copolymers was investigated. The copolymer 
aqueous solution in PBS buffer changed from a sol phase to a gel phase with increasing 
temperature and pH. Through various experiments, the gel phase domain of PAE-PCL-
PEG-PCL-PAE pentablock copolymer can be adjusted by the PEG molecular weight, 
the PCL/PEG mol ratios and β-amino ester block. Through in vitro and in vivo 
experiments, we concluded it is feasible to achieve basal insulin levels over two weeks by 
a single injection. Therefore, these hydrogels seem to be useful as a biodegradable and 
subcutaneously injectable protein and drug carrier. 

 
5. ACKNOWLEDGEMENTS 

This research was supported by the Korea Research Foundation Grant KRF-2006-005-
J04602. 

 
6. REFERENCES 

[1] K. Park, Controlled drug delivery: Challenges and Strategies, Oxford University 
Press, Oxford, UK, 1997.  
[2] D.P. Hyunh, W.S. Shim, J.-H. Kim, D.S. Lee, pH/temperature-sensitive 
poly(ethylene glycol)-based biodegradable polyester block copolymer hydrogels. 
Polymer, 47 (2006) 7918-7926. 
 


