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Abstract.  Recently, injectable thermosensitive hydrogels 
have been attracted much attention for the biomedical 
applications, such as drug delivery and tissue engineering. 
Injectable hydrogels offer a number of advantages, including 
high biocompatibility, simple drug loading, protecting drug 
from the environment, prolonged and localized drug delivery 
and ease of applications, which make them as potential future 
drug delivery systems. Among them, injectable 
thermosensitive hydrogels with lower sol-gel transition 
temperature, around the physiological temperature, have been 
extensively investigated. The main objective of this study is to 
focus on the fabrication and characterization of 
thermosensitive injectable hydrogels as drug delivery systems. 
The hydrogels are primarily made of chitosan, drug and 
solvents with over 90% water content. 
 
1. Introduction 

 
In recent times, researchers have devoted extensive 
efforts to control the release rate of the drug delivery 
systems (DDS). Various polymeric systems have been 
used as drug release controlling containers, among 
which, hydrogels have gained significant attention [1]. 
Hydrogels are three dimensional networks of polymer 
chains that can absorb an enormous amount of water or 
biological fluids. Considering the type of cross-linking 
hydrogels are classified into two main categories: the 
hydrogels cross-linked by covalent bondings are called 
chemical or permanent gels, while physical or 
temporary gels have non-covalent bonds [2]. Hydrogel 
based drug delivery devices have been a major area of 
research and considered as promising drug delivery 
systems due to their unique properties. They can also 
protect the drug in hostile environment, such as from 
low pH in acidic environment of the stomach [3].   
 
Moreover the drug release can be controlled by 
changing the hydrogel structure in response to 
environmental stimuli, such as temperature or pH [4]. 
Injectable thermo-sensitive hydrogels are liquid before 
administration at lower temperature, but form gel by 
increasing temperature to body temperature [5].  
Injectable thermosensitive hydrogels can be prepared 
from natural or synthetic polymers [1]. Chitosan is a 
natural polysaccharide that has been gained a great deal 
of interest for biomedical applications. Furthermore, 

chitosan is one of the most abundant natural polymers 
known to be biodegradable [6]. The addition of β-
glycerolphosphate increases the pH value and maintains 
the solubility of chitosan in an acidic solution at lower 
temperatures [7]. 
 
In present study, chitosan based hydrogel with β-
glycerolphosphate has been prepared. Gentamycin was 
added to the system as a drug material. The objective of 
this study was to develop and characterize a thermo-
sensitive chitosan/β glycerolphosphate (Ch/β-GP) 
hydrogel for the drug delivery application. 
 
2. Experiment, Results and Discussion 

  
Chitosan and disodium β-GP (glycerol 2-phosphate 
disodium salt hydrate) were purchased from Sigma 
Aldrich, while gentamycin (antibacterial drug) was 
purchased from Fisher Scientific. Chitosan (0.19 gr) 
was dissolved in acetic acid solution (8mL; 0.05 M), 
which was autoclaved at 121°C for 15 min, and cooled 
down to room temperature before mixing with 
gentamycin in the acetic acid solution (0.04 gr in 1 mL 
acetic acid 0.05M) under constant stirring. A 50% (w/v) 
β-GP solution was prepared in distilled water.  Both 
solutions were cooled down in the fridge for 30 minutes 
to get the temperature around 4 C. The β-GP solution 
was added to chitosan solution drop wise under stirring 
condition. The final pH value of the chitosan/ β –
GP/Gentamycin solution was approximately 7.  
 
In order to determine if the prepared hydrogel show sol-
gel transition behavior, a simple test tube inverting 
method was employed [8]. In this method, a sample of 3 
mL of chitosan-based thermosensitive hydrogel was 
added into a vial and placed in a water bath of 37±1°C. 
The sol phase was defined as flowing liquid and the gel 
phase as non-flowing gel when the hydrogel solution in 
the test tube was inverted. 
  
The results indicate that the prepared CS/β-GP/GN 
hydrogel showed an evident sol-gel transition at 37 C. 
At room temperature, the CS/β-GP/GN solution was 
flowable and injectable viscous liquid. Upon heating up 

Proceedings GRASP: Graduate Research and Scholarly Projects volume 9, 2013

Wichita State University        Shocker Open Access Repository 69



 

to 37±1°C, the solution forms gel within 15 min (Fig. 
1).  
 

 
Fig. 1. The CS/β-GP/GN formulation at room temperature (left) and at 

37 ◦C (right) 

 
In this study, to characterize the chemical structure of 
the prepared CS/β-GP/GN hydrogel, Fourier transform 
infrared (FTIR) spectroscopy was employed. The FTIR 
spectrum was recorded over the range of 400 – 4000 
cm-1 by Fourier-Transform Infrared (FT-IR) 
spectrophotometer, (Thermal Nicolet Magna 850 IR 
Spectrometer). Fig. 2 shows the results of FTIR spectra 
of CS/β-GP/GN hydrogel samples and original chitosan 
and β-glycerolphosphate.  
 
In the FTIR spectrum of chitosan (Fig. 2a) the peaks at 
1150, 1060, 1023, and 892 cm−1, are characteristic 
peaks of the saccharide structure. There were two peaks 
at region between 3000 to 3600 cm-1 which are assigned 
to the stretching vibration of O–H, the extension 
vibration of the N–H, and the intermolecular hydrogen 
bonds of the polysaccharide. There were weak 
absorption peaks at 1652 and 1558 cm−1 corresponded 
to amide I and amide II. Fig. 2b displays the FTIR 
spectrum of β-Glycerol phosphate. The peak at 3233 
cm−1 is due to hydrogen-bonded O-H stretch. Fig. 2c 
exhibits the FTIR spectrum of gentamycin. The peak at 
1032 cm-1 is due to the ester group, and the broad at 
2863cm-1 is due to the stretching of CH2.  
 
Comparing the FTIR spectrum of the chitosan and the 
prepared hydrogel (Fig. 2d), it was found firstly that the 
broad band between 3600 and 3000 cm−1 due to the O–
H and N–H group stretching vibration was observed. In 
addition, the characteristic doublet peak of the NH2 
group at 3400 and 3293 cm−1 disappeared and a single 
peak around 3286 cm−1 for the NH group appeared. 
These results support that the NH2 group had reacted 
with the cross-linker. It was also observed that most of 
the peaks of components of the hydrogel were 
disappeared in the FTIR spectrum of CS/β-GP/GN 
hydrogel. The presence of water in the hydrogel sample 
is attributed to this observance. However, the 
compatibility of the gentamycin with the chitosan 
hydrogel could be confirmed. 
 

 
 

 

 

 
Fig. 2. FTIR spectrum of a) Chitosan b) β-Glycerolphosphate c) 

Gentamycin d) CS/β-GP/GN hydrogel 

 
3. Conclusions 
 
In the present study, the drug loaded chitosan based 
hydrogel was prepared and their properties were 
characterized. The hydrogel could be transited into gel 
at 37 °C within 15 min. The FTIR results confirmed the 
compatibility of the drug with the hydrogel. The result 
suggested that the thermosensitive chitosan 
glycerolphosphate can be used as an injectable drug 
delivery system for cancer and arteritis treatments.  
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