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Preparation and characterization of semi interpenetrating thermosensitive

injectable hydrogels from biodegradable and biocompatible naturally-

occurring polymers and the triblock copolymers synthesized

1. Preparation and characterization of gelatin-based SIPN hydrogels

The  hydrogel  solutions  were  prepared  by  dissolving  both  P(NIPAM-co-

BMDO)-PEG10000-P(NIPAM-co-BMDO)  triblock  copolymer  and  gelatin  of  various

molecular  weights  in  PBS.  Temperature-  and  frequency-sweep  rheological

measurements were employed to investigate the thermogelation properties (the phase

transition temperature, estimated from the temperature at which the viscosity starts

increasing because of the association of the block copolymer  thermosensitive side

blocks (Tvi), and the gelation temperature (Tgel), considered equal to the temperature at

which G’ equals G”) of the solutions prepared, and the viscoelastic properties of the

resulting  hydrogels.  The  following  parameters  were  investigated:  the  gelatin

concentration,  the  triblock  copolymer  concentration  and  the  molecular  weight  of

gelatin.

The  results  showed  that  gelatin  addition  led  to  a  stronger  hydrogel  in

comparison with the hydrogel  without  biopolymer,  G’ and G” increasing  with the

biopolymer  concentration  and  molecular  weight.  The  same  improvement  of  the

composite hydrogel properties was brought by the increase of the triblock copolymer

concentration.  All  triblock  copolymer-gelatin  hydrogels  prepared  displayed  a

predominantly viscous character at 37°C.

The degradability tests upon the gelatin-containing hydrogels, carried out at

37°C, revealed a partial hydrolytic degradation of the triblock copolymer (proved by

gel  permeation  chromatography  measurements),  which  lead  to  the  composite

hydrogels losing both their gel character and thermogelation properties up to 60°C.

2. Preparation and characterization of hyaluronic acid-based SIPN hydrogels

The composite hydrogels were prepared by dissolving together the P(NIPAM-

co-BMDO)-PEG10000-P(NIPAM-co-BMDO) triblock  copolymer  and  high  molecular

weight sodium hyaluronate (HIAL) in PBS. The influence of both sodium hyaluronate

and  block  copolymer  concentrations  upon  the  thermogelation  and  viscoelastic
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properties  of  the  composite  hydrogels  were  investigated  by  temperature-  and

frequency-sweep rheological measurements.

The  addition  of  HIAL  led  to  the  formation  of  a  stronger  hydrogel  in

comparison  with  the  hydrogel  without  biopolymer,  but  G’  and  G”  were  not

significantly dependent on the biopolymer concentration within the 0.5 – 1.5 % range.

The increase of HIAL concentration led to the change of the hydrogel behavior at

37°C  from  predominantly  viscous  (liquid-like),  for  no  HIAL or  0.5%  HIAL,  to

predominantly elastic (gel-like) for 1.5% HIAL.

The increase of the triblock copolymer concentration led to the improvement

of the composite hydrogel properties, as well.

The degradable character  of the HIAL-containing composite  hydrogels  was

proved  by  heating  the  hydrogels  at  37°C  for  6  weeks.  Under  the  experimental

conditions  employed,  the  triblock  copolymer  partially  degraded,  the  degradation

process being more intense for lower triblock copolymer concentrations.

The  release  of  5-fluorouracil,  an  anticancer  drug,  from  HIAL  –  triblock

copolymer hydrogels of various compositions was also studied. The results showed a

pretty high release rate, the process being practically finished after about 30 hours.

The  release  rate  of  the  drug  was  not  significantly  influenced  by  changing  the

concentration of either HIAL or triblock copolymer.

3. The influence of biopolymer nature upon the properties of the composite hydrogel

The  influence  of  the  biopolymer  nature  upon  the  thermogelation  and

viscoelastic properties of the composite hydrogels were investigated by employing

sodium alginate (ALG), dextran (DXT), gelatin (GEL) and hyaluronic acid (HIAL).

The addition of 1% biopolymer to a 10% triblock copolymer PBS solution led to the

formation of a stronger hydrogel in all cases. The temperature- and frequency-sweep

rheological measurements showed a strong dependency of the hydrogel characteristics

on the nature of the biopolymer added, through its structure and molecular weight.

The  most  significant  influence  upon  the  hydrogel  properties  was  shown  by  the

biopolymer with a large content of anionic groups (ALG, HIAL), followed by DXT, a

neutral biopolymer but with a high content of OH polar groups, and the weakest effect

was noticed for gelatin, which has a low content of ionic and polar side groups.
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