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ABSTRACT 

 
Recently several thermogelling materials have been 

developed for biomedical applications. To investigate 
thermogelling behavior, in this study, methoxy 
polyethylene glycol-b-[poly(�-caprolactone)-ran-poly(6-
chloride-�-caprolactone) (PCL-ran-PfCL)] (PCL-Cl) 
diblock copolymers were designed such that the PfCL 
content in the PCL segment was varied. The PCL-Cl 
diblock copolymers were derivatized by introducing a 
pendant amine group at the PfCL segment (PCL-NH2). 
When the temperature was increased above room 
temperature, PCL-NH2 diblock copolymer solutions 
exhibited sol-to-gel phase transitions. PCL-NH2 diblock 
copolymer solutions formed gels immediately after 
injection into animal. The in vivo formed gel integrity 
persisted up to ten weeks under physiological conditions. 
We confirmed that that PCL-NH2 diblock copolymer 
solution may potentially be used as thermogelling materials 
into the body in a minimally invasive manner. 
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1 INTRODUCTION 
 
Over the past few decades, several thermogelling 

materials have been focused extensively on a broad range 
of biomedical applications, such as drug or cell delivery 
carriers [1]. The thermogelling materials can absorb water 
and swell in aqueous environments that allow them to retain 
large amounts of fluids.  

The fully hydrated thermogelling materials can 
incorporate various therapeutic agents, such as drugs, 
growth factors, gene products, or cells simply by mixing. 
The thermogelling materials can be injected and solidified 
at the specific target tissue, and can exhibit biological 
characteristics similar to those of live tissues. 

Various thermogelling block copolymers have been 
developed to apply in biomedical field. Thermogelling 
block copolymers consisting of (methoxy) polyethylene 
glycol [(M)PEG], poly(propylene oxide) (PPO), and 
biodegradable polyesters, such as poly(L-lactic acid) 

(PLLA), poly(glycolic acid) (PGA), their copolyesters 
(PLGA), or poly(�-caprolactone) (PCL), have been 
prepared as potential candidates [2]. Previously, we 
depeloped MPEG–PCL (MC) and MPEG–polyester diblock 
copolymers, [MPEG-b-(PCL-co-PLLA), MPEG-b-(PCL-
co-PTMC), and MPEG-b-(PCL-co-PDO)], as thermogelling 
polymers [3-6]. Among them, MC material generates 
favorable thermogelling properties of long gel-persistence 
time and biodegradation. 

 In a later study, we examined the thermogelling 
properties of MC diblock copolymers derivatized with 
carboxylic acid group, tertiary amine group, and 
zwitterionic sulfobetaine in the end position in MC chain 
[7]. The functional groups on MC diblock copolymers 
engaged in intra- and intermolecular interactions to stabilize 
or destabilize polymer chain aggregates. The end group 
derivatization of MC diblock copolymers can lead to 
macroscopic gelation through the formation of intra and 
intermolecular interactions.   
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Based on the previous studies, thus, we hypothesized 

that introducing various functional groups into the MC end 
position could alter the thermogelling behavior of the MC 
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copolymer in aqueous solutions. This approach is based on 
the hypothesis that the formation and destruction of a 
structured network of PCL hydrophobic blocks of MC 
depends on the functional groups in the PCL chain end 
positions and induces the thermal phase transition behavior 
of the MC copolymer [8]. 
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Trans-

ition 

MC–Cl 

97/3 

750-2410 750-2380 91 1.4 O 

MC–N
3
 750-2420 750-2410 81  1.4 X 

MC–

NH
2
 

750-2380 750-2400 72 1.8 O 

MC–Cl 

95/5 

750-2430 750-2540 94  1.4 O 

MC–N
3
 750-2570 750-2550 87 1.6 X 

MC–

NH
2
 

750-2540 750-2540 68 1.7 O 

MC–Cl 

90/10 

750-2480 750-2610 94 1.3 X 

MC–N
3
 750-2660 750-2630 84 1.3 X 

MC–

NH
2
 

750-2600 750-2670 74 1.5 O 

MC–Cl 

85/15 

750-2420 750-2430 96  1.3 X 

MC–N
3
 750-2515 750-2520 89 1.3 X 

MC–

NH
2
 

750-2440 750-2440 80 1.6 X 

Table 1: Synthesis of MC-Cl, MC-N3 and MC-NH2, and 
thermogelling properties 

Chloride, azide and amine functional pendant groups were 
tested for their effects on intra- and intermolecular 
interactions in this work as shown in Scheme 1. 
Caprolactone (CL) and 2-chloride-�-caprolactone (fCL) 
monomers were randomly copolymerized with varying feed 
ratios to prepare MPEG-b-[poly(�-caprolactone)-ran-
poly(2-chloride-�-caprolactone) (PCL-ran-PfCL)] (MC-Cl) 
diblock copolymers and then followed by the reaction with 
sodium azide. Then subsequent derivatization using amine 
group provide MPEG-b-[poly(�-caprolactone)-ran-poly(2-

amine-�-caprolactone) (PCL-ran-PfCL-NH2)] (MC-NH2). 
Then we examined the sol-to-gel phase transitions as a 
function of temperature using MC-Cl, MC-N3 and MC-NH2. 

2 RESULT AND DISCUSSION 
 
MC-Cl was synthesized via the ring-opening 

polymerization of the monomer CL and fCL using the 
terminal alcohol of MPEG as the initiator. The colorless 
MC-Cl diblock copolymers were obtained in almost 
quantitative yield. MC-NH2 was prepared by introducing a 
pendant azide and amine group at the chloride group on 
MC-Cl.  

Table 1 summarizes the synthetic results of MC-Cl, MC-
N3 and MC-NH2 prepared from PfCL content of 0–15 mol% 
in the PCL segment.  

All diblock copolymers exhibited 1H- and 13C-NMR 
peaks characteristic of PCL, PfCL, MPEG, or MC-NH2 
(Figure 1). 

 

 

Figure 1: 1H NMR spectra of MC-Cl, MC-N3 and MC-NH2. 
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Figure 2: Phase transition of MC-NH2 with amine content of 
3–15 mol% in the PCL segment. 

Aqueous solutions of MC-NH2 with a PfCL content of 
3–15 mol% in the PCL segment were prepared by 
dissolving diblock copolymers with 20 wt% concentration 
at 80°C in deionized water. At room temperature, MC-NH2 
solutions formed a translucent liquid that flowed when 
tilted (Figure 2a). The MC-NH2 copolymer solution with 10 
wt% of PfCL in the PCL segment became hydrogel 
indicating exhibition of distinct sol-to-gel phase transitions 
at 37°C (Figure 2b).  

 

 

Figure 3: Viscosity versus temperature curves of (a) MC-Cl, 
MC-N3 and MC-NH2 with amine content of 5 mol (b) MC-
NH2 with amine contents of 3, 5, 10, and 15 mol% in the 
PCL segment. 

The phase transition behavior was monitored by 
measuring the solution viscosity as a function of 
temperature from 10°C to 60°C (only MC-NH2 viscosities 
in Figrue 3). At low temperatures, MC-Cl, MC-N3 and MC-

NH2 solution were a homogeneous solution with a viscosity 
of 1 cP. As the temperature was increased, the MC-Cl, MC-
N3 and MC-NH2 solutions exhibited gel-like behavior at an 
onset temperature marked by an increase in the viscosity. 
As the PfCL content increased, MC-NH2 copolymers 
showed increased the onset temperatures and decreased 
maximum viscosities. 

The sol-to-gel phase transition depended on the PfCL 
content in the PCL segment and the identity of the 
functional group in the pendant position. The sol-to-gel 
phase transition was not observed at 15 mol% PfCL content 
in the PCL segment. The MC-NH2 solutions exhibited 
viscosities of 3.6 x 105–6.6 x 105 cP. The viscosity may be 
correlated with the strength of the gel formed by MC-NH2 
copolymer. This indicated that the amine groups on MC-
NH2 affect aggregation between polyester chains.  

 

3 CONCLUSION 
 
These results indicate that a sol-to-gel phase transition 

of MC-NH2 copolymers depended on both the type of 
functional pendant amine group and the composition of 
PfCL in the PCL segment. We conclude that the MC-NH2 
copolymers featuring pendant amine group designed in this 
study can be used as potential thermogelling materials for 
drug and cell. 
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