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Introduction: Polymeric micelles have received a lot of 
attentions as drug delivery systems in the past decades. 
Lots of researches have shown that the interaction 
between polymers and drugs influenced many important 
features of the polymeric micelles, including the stability, 
encapsulation efficiency and drug release kinetics. 
However, there are few studies[1, 2] concerning the effect 
of the interactions between drugs and stimuli-responsive 
copolymers. In this paper, the interaction between a 
thermosensitive polymer and drug was investigated to 
elucidate its influence on the micellization and phase 
behavior, as well as drug release profile.  
Methods: Dextran-graft-poly(N-isopropylacrylamide) 
(DgP) was synthesized following L-Q Wang, et al’s 
method[3]. A series of indomethacin loaded micelles with 
different amounts of drug loading were prepared with a 
dialysis method. Drug loading efficiency (DLE) was 
determined with UV instrument (PGENRAL TU-
1810DPC) at 321nm, which expressed as the weight ratio 
of the amount of the drug incorporated to the weight of 
the drug loaded micelles. The hydrodynamic diameters of 
the DgP copolymer and drug loaded micelles were 
measured at 25oC and 37oC with a dynamic light 
scattering instrument (Brookhaven 90 plus). The 
morphology of the micelles was observed using TEM 
(JEM-1230). The structure of the micelles was determined 
using 1H-NMR (AVANCE DMX 500MHZ) in D2O 
(20mg/ml). The stability of the drug loaded micelles and 
the release of indomethacin from the micelles were 
monitored at 25ºC and 37ºC with the UV instrument. 
Results: The indomethacin loaded micelles with the DLE 
of 11.9%, 28.8% and 44.2% were marked as ILM1, ILM2 
and ILM3. As shown in Fig.1, DgP copolymer forms 
micelles with the diameter of about 100nm at 37ºC and 
the micelles dissociate when the temperature is lowered to 
25ºC, showing a reversible LCST phase transition. 
However, when the drug is incorporated, the phase 
transition behavior of the copolymer is completely 
changed. The assembled micelles can even be found at 
25ºC, and the diameter of the formed micelles decreases 
with the increase of the drug loading amounts. 1H NMR 
conducted at 25ºC shows that after drug incorporating, the 
intensity of the proton peak originated from the grafted 
PNIPAAm is dramatically reduced. The result implies 
that the strong interaction between the PNIPAAm 
segments in the copolymer and the hydrophobic 
indomathcin results in a dense core at this temperature. It 
is found that ILM1 shows a reversible LCST transition as 
the DgP copolymer does in the temperature circulation 
between 25 and 37ºC, however, the reversible phase 
transition is no longer exhibited in ILM2 and ILM3 
systems.  
In order to get a perspective of the drug releasing profile 
from the micelles, the amount of the indomathcin 
remaining in the micelles was monitored. The result 

 
Fig.1. Average diameters and polydispersity of DgP and 
ILMs as a function of temperature and their TEM image 

at 25ºC (the bar is for 200nm) 
shows a significant difference in regarding to the DLE of 
the drug carrier systems (Fig.2.). Most of the entrapped 
indomathcin remain in ILM1, and the drug release is 
almost independent of the temperature elevation. In 
contrast, 90% of entrapped drugs release from ILM3 after 
30 hrs at 25ºC. When the temperature is elevated to 37 ºC 
the drug bursts out within one minute from ILM3.  

 
Fig.2. incorporated IMC content in ILMs at 25ºC and 

37ºC as a function of time. (the vial picture was taken at 
10min) 

Conclusions: The study shows that the interaction 
between indomethacin and DgP copolymer could greatly 
influence the micellization and drug releasing profile of 
the thermosensitive copolymer. When the DLE is as high 
as about 29%, the LCST transition of the copolymer 
diminished and the micelles form at the temperature lower 
than the phase transition temperature. Distinct releasing 
profiles of indomethacin from the micelles are exhibited. 
Therefore, when stimuli-responsive polymers are chosen 
as a vehicle for a certain drug, their interaction should be 
taken into account. 
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