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Abstract Chitosan solution containing glycerolphosphate

disodium salt (Gp) is an injectable thermosensitive in situ

gel-forming system which undergoes sol–gel transition

under certain physiological pH and temperature conditions.

When a drug-incorporated chitosan/Gp solution is injected

into the body, it forms a three-dimensional gel at 37 �C,

which allows the drug to be released in a sustained manner.

This hydrogel can be used as a drug delivery system for

prolonged release of peptides and glycopeptides. The

objective of this work was to investigate the effect of dif-

ferent excipients on the sol–gel behavior of this thermo-

sensitive hydrogel. Chitosan polymeric solutions (2 % w/v)

containing Gp and different excipients, such as hydroxy-

propyl methyl cellulose (HPMC), polyethylene glycol

(PEG) with two different molecular weights (PEG200 and

PEG1000), and poloxamer (F127) in various concentra-

tions, were prepared, and the pH, sol–gel transition time,

and syringeability of the final solutions were evaluated.

The obtained results point to HPMC as the best additive for

chitosan/Gp solutions in developing an in situ gel-forming

drug delivery system with optimum gelling time. A sig-

nificant decrease was noted in the sol-to-gel transition time

(from 90 to 60 s) when HPMC was added to the system.

This may have been due to the HPMC structure which

acted as a viscosity-enhancing and gel-promoting agent.

The in vitro release of vancomycin hydrochloride from

chitosan/Gp/HPMC hydrogel was also studied. Vancomy-

cin release studies showed a sustained release profile for

over 20 days. It can be concluded that combining chitosan/

Gp and HPMC is a promising strategy for preparing a

thermally reversible in situ gel-forming delivery system

with an optimized gelation time.
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Introduction

In the last decade, thermogels have emerged as a unique

kind of injectable medical materials, whereas sol–gel

transition occurs upon heating [1, 2]. They have shown

great potential in drug delivery [3–5], tissue repair, or anti-

adhesion properties [6, 7]. While the most extensively

investigated thermogels are composed of synthetic block

copolymers of poly(ethylene glycol) and biodegradable

polyesters [8–10], in situ gel-forming chitosan solutions

distinguish themselves as useful materials originating from

biomacromolecules and exhibit potential applications in

drug delivery [11] and tissue engineering [12] applications.

Chitosan is a promising biopolymer that has long been

used in pharmacy and medicine [13–15]. In situ gel-

forming chitosan solutions are based on chitosan/glycer-

olphosphate disodium salt (Gp) combinations. Gp salt is

found naturally in the human body and its use through oral

administration has been approved by the FDA. It has been

found that when this polyol counterionic mono-head salt is
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