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1. Investigation of the degradability and thermosensitive properties of the poly 

    (N-isopropylacrylamide-co-5,6-benzo-2-metylene-1,3-dioxepan)-poly(ethylene 

    glycol) - poly(N-isopropylacrylamide-co-5,6-benzo-2-metylene-1,3-dioxepan) 

    triblock copolymers synthesized

1.1.  Determination of the hydrolytic degradability and of the lower critical 

solubility temperature in water

1.1.1. Determination of the hydrolytic degradability

The hydrolytic degradability of the triblock copolymers synthesized is due to

the presence of the ester groups within the main chain of the P(NIPAM-co-BMDO)

blocks,  introduced through the copolymerization  reaction  of NIPAM with BMDO.

Therefore, the hydrolysis of these ester groups is expected to lead to the scission of

the main chain into smaller fragments, easier to be removed from the body.

The hydrolytic degradability of the triblock copolymers was tested in both 1N

KOH aqueous solution at room temperature and PBS solution (pH 7.4) at 37°C. The

tests carried out in KOH solution revealed a drastic decrease of the polymer molecular

weight,  as  evidenced  by  GPC  measurements  (Fig.  1).  All  ester  groups  were

hydrolyzed,  as confirmed by  1H NMR measurements,  which showed the complete

disappearance of the peak characteristic to the ester groups of the BMDO units at 5.1

ppm, and the formation of a new peak at 4.5-4.8 ppm, characteristic to the CH2 groups

in the benzyl alcohol moieties resulting after hydrolysis.

Fig.1. GPC traces proving the 

hydrolytic degradability of the 

triblock copolymers synthesized

The  hydrolytic  degradation  in  PBS  at  37°C  occurred  only  partially,  as

demonstrated  by  both  GPC and  1H NMR measurements.  However,  under  similar
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conditions a triblock copolymer PNIPAM-PEG-PNIPAM, i. e. without BMDO ester

groups within the PNIPAM chain, displayed practically no degradation, as proven by

both GPC and rheological measurements.

A  partial  hydrolytic  degradation  of  the  P(NIPAM-co-BMDO)-PEG-

P(NIPAM-co-BMDO)  occurred  also  even  in  distilled  water  solution,  after  a  few

months at 4-8°C.

1.1.2. Determination of the lower critical solubility temperature in water

The lower critical solubility temperature (LCST) of the triblock copolymers

synthesized was determined by light transmission measurements at λ=600 nm on 1 wt.

% aqueous polymer solutions, by means of a UV-VIS spectrometer. The influence of

the following parameters upon the phase transition temperature was investigated: a)

overall monomer conversion; b) the molecular weight of the PEG central block; c) the

molecular weight of the side blocks; d) the concentration of the BMDO units within

the side blocks. Figure 2 shows an example of such a determination.

Fig. 2. Transmission vs. temperature

curves showing the influence of the

molecular weight of the PEG central

block  upon  the  phase  transition

temperature

According to literature data, the LCST value for PNIPAM is about 32°C and it

is affected by various factors: a) for the lower molecular weights (MW<50000Da),

LCST  increases  as  MW  decreases;  b)  copolymerization  with  more  hydrophobic

monomers, like BMDO, leads to lower LCST values; c) the attachment of PNIPAM to

a PEG hydrophilic block may lead to an increase of LCST with the length of the PEG

block, but the dependency may be changed at higher polymer concentration. In the

case of  our  triblock copolymers,  the  results  showed that  these dependencies  were

observed in some cases, but in some other not. The deviations may be due to the

inhomogeneous composition of the polymers analyzed.
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1.2.  Determination  of  the  viscoelastic  and  thermogelation  properties  of  the

aqueous

       solutions of the triblock copolymers synthesized

The  viscoelastic  and  thermogelation  properties  of  the  triblock  copolymers

aqueous solutions  were studied mainly at  a polymer  concentration of 10 wt.% by

temperature sweep rheological measurements. At temperatures higher than the phase

transition  temperature,  the  NIPAM-based  thermosensitive  side  blocks  started  to

associate,  which led to an increase of both viscosity and viscoelastic  moduli.  The

temperature  at  which  viscosity  starts  increasing,  Tvi,  is  a  measure  for  the  phase

transition temperature, while the temperature at which G’ equals G”, Tgel, is assumed

to be equal to the temperature at which the gel, characterized by G’>G”, forms. The

values recorded during the investigation of both the viscoelastic and thermogelation

properties of the polymer solutions were Tvi, Tgel, the highest value reached by the

dynamic  viscosity  (Viscmax),  the  elastic  modulus  (G’max)  and  the  viscous  modulus

(G”max).  The  influence  of  the  following characteristics  upon these  parameters  was

investigated:  a)  overall  monomer conversion;  b) the molecular  weight of the PEG

central block; c) the molecular weight of the side blocks; d) the concentration of the

BMDO units within the side blocks; e) the concentration of the polymer in solution.

As an example, fig. 3 shows the influence of the molecular weight of the side blocks

and the polymer concentration, respectively, upon the evolution of dynamic viscosity

with temperature.

The results showed that: a) Tvi decreased with the increase of the molecular

weight  of  the  side  block,  of  the  BMDO  concentration  and  of  the  polymer

concentration  in  solution;  b)  Tgel decreased  with  the  BMDO  concentration  and

increased with the polymer solution concentration; c) the highest viscosity increased

with the increase of the overall monomer conversion, with the molecular weight of the

side blocks, with the BMDO concentration and the polymer concentration in solution;

d) G’max and G”max increased with the overall monomer conversion, with the MW of

the side block, with BMDO concentration and with polymer concentration. 
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Fig. 3. Temperature sweep rheological measurements showing the influence of the

molecular weight of the P(NIPAM-co-BMDO) side block (10 wt.% solution

concentration) (a) and of the polymer solution concentration (b) upon the dependence

of the dynamic viscosity on temperature

2. Preparation and characterization of semi interpenetrating thermosensitive 

      injectable hydrogels from biodegradable and biocompatible naturally- 

     occurring polymers and the triblock copolymers synthesized

2.1. Preliminary tests on the preparation and characterization of SIPN hydrogels

based

      on thermosensitive polymers with NIPAM units and  biodegradable and

      biocompatible naturally-occurring polymers

The effect of dextran addition upon the properties of the PNIPAM injectable

hydrogels was investigated. It was shown that the dextran addition enhanced the water

retention  within  the  hydrogel  during  the  gel  syneresis  phenomenon,  and  also

improved the drug release properties by reducing the “burst effect”.

2.2. Preparation and characterization of SIPN hydrogels based on dextran

The effects of dextran addition to the P(NIPAM-co-BMDO)-PEG- P(NIPAM-

co-BMDO) triblock  copolymers  aqueous  solutions  was  investigated  by rheometry.

Thus, the temperature sweep measurements showed that the polysaccharide addition

led to a decrease of both Tvi and Tgel, as well as to the increase of the values of both

Viscmax and  G’max.  Frequency  sweep  measurements,  carried  out  at  37°C  upon

hydrogels containing 6 wt.% dextran, revealed a gel behavior, as G’ and G” were

practically independent on frequency on the interval investigated.
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The triblock copolymer – dextran hydrogel degradation tests, carried out in

PBS at 37°C and followed by rheometry showed a lower degradation rate than in the

absence of dextran.

The SIPN injectable triblock copolymer – dextran hydrogels were also tested

from the point of view of drug release ability in PBS at 37°C, by employing 5-fluoro

uracil  as the model  drug. The results  showed that the addition of 6 wt.% dextran

reduced the release rate of  5FU in comparison with the hydrogel without dextran. The

drug  was practically completely released within 12 hours.
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