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The pH-sensitive hydrogels were synthesized via in situ copolymerization of
methacrylic acid (MAA) with poly(ethylene glycol)-b-poly(ε-caprolactone) (PEG-
b-PCL) macromer as a biodegradable cross-linker in aqueous solutions under

UV irradiation. The swelling measurement results indicated that pH sensitivity of the 
hydrogels was highly dependent on the MAA content in the hydrogels as well as the pH
of the surrounding medium. The pH-sensitive hydrogels displayed faster deswelling
rates and lower water retentions at high MAA content. In vitro hydrolytic degradation
investigation showed that the introduction of MAA component could improve the 
degradation rate of the hydrogels, and an increase in its content could induce 
accelerated degradation of the hydrogel at pH 7.4 of PBS solutions at 37°C. The 
potential of the hydrogels as vehicles for delivering BSA was examined. The 
accumulative release percentage of BSA (Fraction V) as a model protein drug could be
tuned by changing the compositions of the hydrogels and pH of the local medium. The
release mechanism of BSA based on the Peppas equation followed the non-Fickian 
diffusion at pH 7.4 of PBS solutions at 37°C. The interior morphology of the hydrogels
was also observed by scanning electron microscopy (SEM) after freeze drying at their
equilibrium states of pH 7.4 of PBS solutions. The results revealed that the pore size of
the hydrogels became larger when introducing the MAA moieties and increased with
the increase of the MAA content of the hydrogels. These biodegradable pH-sensitive
synthetic hydrogels could be potentially used as smart drug delivery systems.

INTRODUCTION

During the past decade, polymeric
hydrogels have received consider-
able attention and been widely
investigated in biomedical and
other areas, i.e., controlled drug
delivery, tissue engineering, and
separation, due to their high water
content, permeability and biocom-
patibility [1-4]. Among these
hydrogels, poly(ethylene glycol)
(PEG) hydrogels have attracted
special interest because they are

highly hydrated, not readily 
recognized by the immune system
and relatively resistant to protein
adsorption and cell adhesion, these
hydrogel materials have been
served as controlled release devices
of hydrophilic bioactive macro-
molecules such as therapeutic 
proteins, peptides, and oligonu-
cleotides [5-8]. However, PEG is
non-degradable, which greatly 
limits its clinical applications.
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Degradation of the hydrogel matrix can not only
circumvent the removal of empty device but also can
be used to modulate drug release for a long time
[9,10]. One of the preparative approaches for
biodegradable hydrogels containing PEG as a
hydrophilic segment is to synthesize the copolymers
of PEG with lactides for use as the matrix polymers
of the hydrogels. Jeong et al. designed and synthe-
sized a family of block or graft copolymers of PEG
with biodegradable polyesters such as poly(lactic
acid) (PLA) or poly(lactic acid-co-glycolic acid)
(PLGA). These block/graft copolymers are known to
undergo the sol-to-gel transition and could be 
potentially used as injectable drug delivery depots
[11-13]. To overcome low stability and weak
mechanical strength of the obtained gels, Hubbell and
coworkers described the synthesis of triblock copoly-
mers of PEG with PLA or poly(glycolic acid) (PGA)
end-capped with acrylate end groups. The aqueous
solutions of the macromers could undergo rapid 
photopolymerization to form stable hydrogel 
networks. These materials have been investigated in a
number of biomedical applications, for example, as a
barrier material to prevent post-surgical adhesion 
formation, as vehicles for controlled release of 
various bioactive macromolecular drugs and cells.
These networks have also shown great promise as
temporary scaffolds to enhance the re-growth of a
variety of important tissues such as cartilage and bone
[14-17]. 

In recent years, a significant interest has been
focused on stimuli-responsive polymeric hydrogels
due to the smart response to external stimuli such as
temperature, pH, electric field, etc. [18-20]. Of these
hydrogels, pH-sensitive hydrogels have been exten-
sively evaluated as drug delivery systems, whereby
pH variations provide an alternative mechanism of
drug release from the hydrogels, the release rate of
drug encapsulated in these hydrogels could be modu-
lated by changing pH of the local medium [21,22].
For example, in acidic gastric environment (pH 1.2),
the drug is retained in the hydrogel, whereas in the
intestinal region (pH 7.2) the drug can be released.

The objective of this work is to design bio-
degradable pH-sensitive hydrogels taking advantage
of the biocompatibility and biodegradability of
amphiphilic PEG-b-PCL macromer as a cross-linker

and pH sensitivity of poly(methacrylic acid) (PMAA) 
moieties. These hydrogels were synthesized via the
copolymerization of methacrylic acid (MAA)
monomer with PEG-b-PCL macromer under UV
irradiation. The incorporation of MAA monomer
could be expected to regulate the swelling properties
and biodegradability of the hydrogels in response to
pH variations of local medium, and improve the 
versatility and efficacy of biodegradable hydrogels in
a variety of biomedical applications. The pH-
sensitive behaviours of the hydrogels and the
hydrolytic degradation of the hydrogels were studied.
The release profiles of BSA as a model protein from
the hydrogels were investigated at different pH 
environments, and the morphology of equilibrated
swelling hydrogels was also observed by scanning
electron microscopy (SEM).

EXPERIMENTAL

Materials 
ε-Caprolactone (99%, Aldrich, USA) was dried over
CaH2 for 48 h and distilled under vacuum just before
use. PEG 6 K (Mn 6000, Japan) was used after 
drying under vacuum at 90°C for 24 h. Methacrylic
acid (MAA) (analytical grade, Sinopharm Chemical
Reagent Co., Ltd., Shanghai, China) was distilled
under vacuum just before use. Glycidyl methacrylate
(GMA) (97%, Aldrich, USA), 4-dimethylaminopyri-
dine (DMAP) (99%, TCI, Japan), 1-vinyl-2-pyrroli-
done (NVP) (97%, Fluka, USA), stannous 2-ethyl
hexanoate (95%, Sigma, USA), and 2, 2-dimethoxy-
2-phenylacetophenone (DMPA) (99%, Acros, USA)
were used as received. The other chemicals used 
were of analytical grades and used without further
purification.

Synthesis of PEG-b-PCL Macromer and
Hydrogels
PEG-b-PCL macromer was synthesized according to
previously reported methods [23]. Briefly, PEG-b-
PCL block copolymer was first synthesized via the
ring-opening polymerization of ε-caprolactone 
(12 mmol) initiated by PEG 6 K (Mn 6000, 2 mmol)
using stannous 2-ethyl hexanoate as a catalyst under
argon atmosphere at 125°C. PEG-b-PCL macromer
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was prepared by ring-opening reaction of epoxy
group of GMA with terminal hydroxyl groups of the
above-mentioned block copolymer using DMAP as a
catalyst in dichloromethane. 

To prepare the pH-sensitive copolymerized hydro-
gels, MAA monomer and PEG-b-PCL macromer at
different molar feed ratios (10/1, 25/1 and 50/1) were
dissolved in 4.7 g of de-ionized water at room 
temperature. Then, a given amount of photoinitiator
solution of DMPA in NVP (150 mg/mL) was added to
the solution (0.2 wt% DMPA to the total amount of
the macromer and MAA), NVP monomer was chosen
due to its amphilicity and biocompatibility [24]. The
resulting solution was homogeneously mixed and
added to a Teflon model with a diameter of 5 cm.
Following this, the mixture was exposed to 365 nm
LWUV lamp of 16 W (ZF-7A type, Shanghai Jinhui
Scientific Instrumental Co., Ltd., China) for 15 min to
ensure sufficient copolymerization of PEG-b-PCL
macromer and MAA. The distance between the 
reaction mixture and the light source was kept 2 cm
apart. For comparison, the hydrogel without
methacrylic acid was synthesized under the same 
conditions. The feed compositions for the preparation
of the hydrogels in this study are shown in Table 1.

The obtained hydrogel was immediately cut into
disks with 12 mm in diameter and 3 mm in thickness.
To remove the residual unreacted monomers and
other impurities in the hydrogel, the samples 
were immersed in de-ionized water for six days at
room temperature, and the de-ionized water 
was refreshed twice every day. The purified samples
were first dried at room temperature for two days, 
and then dried at 60°C under vacuum for two more
days.  

Analysis and Measurements
The gravimetric method was used to measure the
equilibrium swelling ratios (ESR) of the hydrogels.
The equilibrium swelling studies were carried out in
buffer solutions at different pH values (from 2.0 to
8.0) at fixed ionic strength (I = 0.1 mol/L) at 25°C.
The hydrogels were immersed in buffer solutions to
reach a swollen equilibrium at each predetermined
pH, and the weights of the equilibrated swollen
hydrogels were measured after the removal of 
excess surface water with moistened filter paper. All
experiments were performed in triplicate and an 
average value of three measurements was recorded.
The equilibrium swelling ratio (ESR) was calculated
according to the following equation: 

(1)  

where We and Wd represent the weights of the 
equilibrated swollen hydrogels and dried samples,
respectively. For the morphological characterization,
hydrogels were kept in pH 7.4 buffer solutions at
25°C for 48 h to reach swelling equilibrium. The
swollen hydrogels were frozen at low temperature of
-40°C and freeze-dried for 24 h in order to preserve
the open microporous structure of the hydrogels. After
being covered with gold on an aluminum holder, the
dried samples were examined using a scanning 
electron microscopy (SEM-JSM 5510-LV, Japan)
with sub-accelerating voltage of 20 kV and 
magnification ×200. Before deswelling measurement,
the hydrogel samples were first immersed in PBS
solution of pH 7.4 at 25°C until equilibrium. Then the
equilibrated hydrogels were transferred into pH 2.0
buffer solutions at 25°C. 
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Hydrogel 
code

Feed compositions Gel content
(%)

Diffusional
exponent 

(n)

Determination
coefficientPEG-b-PCL

(cross-linker) (g)
MAA
(mg)

H2O 
(g)

P0
PA-10
PA-25
PA-50

0.7
0.7
0.7
0.7

0
86

215
430

4.7
4.7
4.7
4.7

88.5
90.4
91.5
92.3

0.63
0.65
0.67
0.68

0.999
0.999
0.999
0.999

Table 1. Feed compositions for the preparation of the hydrogels in this work.



The weights of the hydrogels were recorded at 
regular time intervals during the deswelling process.
All experiments were performed in triplicate and the
average value of three measurements was recorded.
Water retention (WR) was calculated by the follow-
ing relationship:

(2)

where Wt and We denote the weights of the hydrogel
at a predetermined time equilibrium, respectively,
and Wd denotes the weight of the dry hydrogel. The
pulsatile swelling behaviour was observed in buffer
solutions (I = 0.1 mol/L) with pH 2.0 and 7.4 at 25°C.
The hydrogel samples were first immersed in buffer
solutions of pH 7.4 at 25°C for at least 24 h to reach
swelling equilibrium. The swollen samples were
transferred to pH 2.0 buffer solutions and the weights
of the samples were measured gravimetrically and the
swelling ratio was calculated according to eqn (1). 

After 10 min, the hydrogel samples were
immersed into PBS solutions of pH 7.4 and their
swelling ratio was determined. After 10 min, the
hydrogels were transferred into buffer solutions of
pH 2.0. This process was repeated several times. All
experiments were performed in triplicate and the
average value of three measurements was taken.
Drug-loaded hydrogel was prepared using a similar
method for the preparation of the hydrogel, in which
0.5 wt% BSA (relative to the total weight of 
formulation solution of the hydrogel) was added, 
the solution was homogeneously mixed before 
photo-polymerization. After photo-cross-linking, the
disk-shaped gel was placed in a tube containing 
12 mL of fresh PBS solution while horizontal shaking
(pH 7.4 and 2.0 at 37°C). At predetermined time
intervals, the solution was taken out and immersed in
another 12 mL of fresh buffer solution. The 
concentration of BSA released was analyzed using a
Shimadzu UV spectrophotometer (UV-2550, Japan)
at the maximum absorbance wavelength of BSA at
280 nm. All the experiments were performed in 
triplicate and the average value of three recordings
was determined. The release mechanism of BSA was
investigated using the Peppas equation [25]:

(3)

where Mt/M∞ is the fraction of drug released, K is a
constant dependent on the system, t is the release
period and n is the diffusional exponent, indicative of
the release mechanism for matrices of varying shape
and swelling or non-swelling systems. When n=0.45,
a Fickian diffusion is applied, where the drug is
released by the usual molecular diffusion through the
system. 0.45<n<0.89 is indicative of non-Fickian
transport related to polymer relaxation and/or 
erosion. n=0.89 for zero-order. The hydrolytic 
degradation of the copolymerized hydrogels was 
carried out in PBS solutions of pH 7.4 at 37°C. The
dried samples were weighed and immersed in 
adequate PBS solution to maintain the bulk pH at 7.4
throughout the degradation test. The medium was
refreshed every week. At specified time intervals
(once every 10 days) three disks were removed from
the degradation medium, washed thoroughly with 
de-ionized water, and dried at room temperature for
two days followed by drying under vacuum for
another two days at 65°C. The average value of three
measurements was taken. The percentage weight loss
of each sample was determined by the following
equation:

(4)

where, W0 and Wt denote the initial dried gels and the
final dried samples after complete drying in a 
vacuum oven. 

RESULTS AND DISCUSSION

Preparation of PEG-b-PCLMacromer and Hydrogels
To obtain the PEG-b-PCL macromer, the PEG-b-PCL
block copolymer was first synthesized via the 
ring-opening polymerization of ε-caprolactone using
PEG as an initiator and stannous 2-ethyl hexanoate as
a catalyst through the mechanism of coordination
polymerization [26]. Then, the resultant PEG-b-PCL
block copolymer reacted with GMA to produce the
macromer. Figure 1 presents the 1H NMR spectrum
of the PEG-b-PCL macromer.    

The signals at 4.1, 2.3, 1.4 and 1.6 ppm 
correspond to the chain protons of PCL segments.
The signals at 4.2 and 3.6 ppm result from the protons
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of PEG segments. The signals at 5.5-6.2 ppm belong
to protons of the carbon-carbon double bonds
attached to the both ends of the block copolymer. The
actual CL units and the degree of methacrylation in
the PEG-b-PCL macromer were found to be 5.4 and
98.8%, respectively which could be calculated from

the signal intensity ratio of the -CH2CH2- protons in
the PEG block (~3.63 ppm) and the -CH2- (~4.10
ppm) of CL units and carbon-carbon double bonds
(5.5-6.2 ppm). These results indicate that the 
photo-cross-linkable macromer was successfully 
synthesized.
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Figure 1. 1H NMR Spectrum of the PEG-b-PCL macromer (in CDCl3).
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Figure 2. FTIR Spectra of the PEG-b-PCL macromer and
PA-25 sample.

When the aqueous solutions of MAA and PEG-b-
PCL macromer with different molar feed ratios were
exposed to UV light using 2,2-dimethoxy-2-pheny-
lacetophenone as a photoinitiator, a rapid gelation was
observed to form a cross-linked macromolecular net-
work in several seconds and the process was kept for
15 min to ensure sufficient copolymerization of MAA
and PEG-b-PCL macromer has been occurred. As
illustrated in Scheme I, due to the incorporation of the
ionizable -COOH groups of PMAA components and
PEG-b-PCL moieties as cross-linkers into the 
network, the resultant hydrogels could respond to the
changes of pH of the local medium and readily
degrade hydrolytically.

Figure 2 depicts the FTIR spectra of the PEG-b-
PCL macromer and PA-25 sample. The absorption
bands at 1129 cm-1 and 1099 cm-1 are attributed to
ester and ether stretching peaks, respectively. The 
signal at 1654 cm-1 is attributed to C=C stretching of
the PEG-b-PCL macromer [23], though it has 
disappeared in the spectrum of PA-25 sample, 
indicating that the double bands of both ends of the
macromer have been completely converted into 
carbon-carbon single bonds leading to formation of a
network structure after the photo-polymerization
process.

pH Sensitivity of the Hydrogels
PMAA moieties in the hydrogels have many -COOH
groups along their chains. The dissociation degree of
-COOH groups is directly related to the pH value of
the solution which results in pH sensitivity of the 

Figure 3. pH dependence of the equilibrium swelling ratio 
of the hydrogels. Each datum represents an average from 
n = 3.

hydrogels. Figure 3 presents the equilibrium swelling
ratio (ESR) of hydrogels with different compositions
as a function of the pH value at 25°C. As shown in
Figure 3, the ESR of the hydrogels obviously
increased with the increasing pH of the buffer 
solutions, and ESR displayed a dramatic transition
between pH 4.0 and pH 6.0. This may be attributed to
the ionization behaviour of -COOH groups of PMAA
moieties in the hydrogel network in response to 
different pH values of the media. At lower pH value,
the -COOH groups are protonated which might result
in the formation of hydrogen bond between -COOH
groups of PMAA moieties and PEG segments,
restricting the movement and relaxation of network
chains. Therefore, the ESR is lower. It was also found
that ESR of samples decreased with higher feed ratio
of MAA to PEG-b-PCL macromer at lower pH value.
This may be explained from the fact that more 
-COOH groups are involved into hydrogen bonding
process which as a result leads to a much more 
compact hydrogel network structure. With the
increase in the pH value of solution, -COOH groups
are ionized, which would break hydrogen bonds and
generate electrostatic repulsions among polymer
chains. The electrostatic repulsion force related to
COO- groups has led to the expansion of polymeric
network, and as a result, the ESR of the hydrogels
increases [27]. In addition, MAA is acidic in nature,
and the pKa of PMAA is 5.65 [28], which could be an
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explanation for the sharp transition of ESR of the
hydrogels between pH 4.0 and pH 6.0. As it may be
seen in Figure 3, the effect of pH on ESR of the
hydrogels strongly depends on the content of -COOH
groups. The pH sensitivity of ESR of the hydrogels
increases both in acidic and alkaline media with
increased MAA content of the hydrogels, whereas the
PEG-b-PCL hydrogel without MAA moieties showed
no response to any pH changes. The given results
clearly show that the copolymerized hydrogels 
with MAA monomer demonstrate a pH-sensitive
character.

Surface Morphology of the Hydrogels
The inner morphology of different hydrogels at pH
7.4 is presented in Figure 4. The microphotos clearly
illustrate the dependence of inner morphology on the

compositions of the hydrogels. The pore size of the
hydrogels tends to increase with MAA content. PA-50
hydrogel sample exhibits the largest pore size, while
P0 sample displays a dense structure. A highly
expanded network for PA-10, PA-25 and PA-50 can
be generated by the electrostatic repulsion among 
-COO- groups at pH 7.4. Therefore, as the MAA
content increases the pore size of the hydrogels grow
larger. The similar phenomenon is also reported by
Zhang et al. [29].

De-swelling Kinetics of the Hydrogels
In practical applications, the kinetics in response to
sudden changes in pH is of great importance. 
Figure 5 shows the comparison of shrinking rates for
the hydrogels with different compositions after a pH
jump from pH 7.4 to pH 2.0. It is shown that the 
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Figure 4. SEM Micrographs of the hydrogel samples at pH 7.4: (a) P0; (b) PA-10; (c) PA-25; (d) PA-50.



Figure 5. De-swelling kinetics of the hydrogels at pH 2.0 as
measured from equilibrium swelling states at pH 7.4. Each
datum represents an average from n = 3.

hydrogels with higher molar feed ratio of MAA to the
macromer exhibit faster shrinking rates. The samples
of PA-50, PA-25 and PA-10 lose 62%, 40%, and 30%
of water within 15 min, respectively. There are two
factors accounting for this shrinking behaviour. The
first factor is related to the emergence of the hydrogen
bond again when the hydrogels are transferred into
pH 2.0 buffer solutions from pH 7.4, and the other
factor is due to the macroporous structure resulting
from the highly swollen state in pH 7.4 buffer solu-
tions. In acidic media, the -COO- groups in the hydro-
gel are protonated, leading to higher cross-linked den-
sity and final collapse of the hydrogels. At the same
time, the macroporous structure of the highly swollen
hydrogels produced in buffer solutions of pH 7.4, as
discussed earlier, provides more channels for water to
diffuse out from the hydrogels during the shrinking
process. As a result, the hydrogels with higher content
of MAA displayed faster shrinking rates.

Pulsatile Kinetics of the Hydrogels
The above given results have shown that pH sensitive
hydrogels display faster de-swelling kinetics and bet-
ter permeability. From applications point of view, the
pulsatile swelling-deswelling kinetics in response to
pH cycles over a shorter time interval was further
investigated. 

Figure 6 shows the pulsatile swelling-deswelling 

Figure 6. Pulsatile deswelling-swelling behaviours of the
hydrogels between pH 2.0 and pH 7.4. Each datum 
represents an average from n = 3.

kinetics of the hydrogels between pH 7.4 and pH 2.0
at intervals of 10 min. The SR of the hydrogels 
presented regularly oscillated with time between pH
7.4 and pH 2.0, though the decrease of magnitude for
SR was observed to some extent. The lower 
magnitude of SR in different pH cycles might be
explained according to two factors. On the one hand,
it is slow for H+ or OH- to transfer into the hydrogel
network from the medium due to the concentration
gradient in a relatively short time, which causes the
changes between -COOH and -COO- resulting in
expansion or shrinkage of the hydrogel. On the other
hand, the PMAA moieties which are sensitive to pH
changes are fixed on the backbone of the network and
the mobility is restricted. Therefore, the SR of the
hydrogels decreases with time during the pulsatile
swelling process.

BSA Release Kinetics of the Hydrogels
To simulate the sequential release profile, BSA-
loaded PA-50 hydrogel sample was immersed into a
buffer solution of pH 2.0 for 4 h and then transferred
into a buffer solution of pH 7.4, where the release 
profile is depicted in Figure 7. At pH 2.0, there is an
initial burst release for the first hour, followed by an
almost constant release of BSA from the sample. This
may be attributed to the sharp shrinkage of the BSA-
loaded hydrogel and the formation of dense layer on
the surface of the hydrogel which prevents the release 
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Figure 7. The release profiles of BSA from PA-50 hydrogel
at pH 2.0 and subsequently at pH 7.4. Each datum repre-
sents an average from n = 3.

of BSA from the hydrogel. 
As it may be observed in Figure 7, the cumulative

release of BSA from the hydrogel is about 19% 
within 4 h at pH 2.0, and the release at pH 7.4 
reaches nearly 76.2% of the initial BSA loaded 
content, within 8 h after changing the medium. The
results imply that the hydrogel matrix can retain the
substantial dosage of the drug in the vehicle at lower
pH medium, and the drug can be significantly
released when it is transferred into higher pH 
environment. This character is important for practical
application in oral drug delivery systems [30,31].

Figure 8 shows the BSA release behaviour in
buffer solution of pH 7.4 at 37°C. A tendency for an
increase of BSA release with MAA content can be
observed. This may be explained in terms of the
swelling behaviour of the hydrogels [32]. As it is seen
from Figure 8, at higher pH value, P0 sample has the
minimum SR, and the SR of the hydrogels increases
with increase in MAA content. The expanded 
network results in porous structure in the hydrogels
which is confirmed by the SEM micrographs of the
hydrogels at pH 7.4 (Figure 4). The pore size 
increases with increased MAA content of the 
hydrogels. The porous network may be able to 
provide pathway for BSA to diffuse from the hydrogel
into external medium. The release of BSA can be
monitored by the MAA content introduced into the
hydrogels. 

Figure 8. The release profiles of BSA from the hydrogels in
pH 7.4 PBS solutions at 37°C. Each datum represents an
average from n = 3.

In order to investigate the release mechanism of
BSA from the hydrogels at pH 7.4, an exponential
equation (eqn (3)) proposed by Rigter and Peppas was
employed [25]. Table 1 lists the values of n and 
calculated coefficients. The introduction of MAA
monomer resulted in great improvement in the
swelling ratio of the hydrogels, the values of n
calculated for the four systems varied between 0.51
and 0.68, indicating a swelling controlled release or
non-Fickian-type mechanism without considering the
degradation of the hydrogels, since the degradation
rate of the hydrogel matrices was very slow when
compared to the release time investigated, as 
discussed below.

The Hydrolytic Degradation of the Hydrogels
The PEG-b-PCL cross-links in the hydrogel network
contain the hydrolytically labile ester bonds from
PCL segment. The cleavage of ester bonds within the
network leads to the weight loss of the hydrogels.
Figure 9 presents in vitro hydrolytic degradation
behaviour of the hydrogels in buffer solution of pH
7.4 at 37°C. The degradation rate of the hydrogels
formed from MAA with PEG-b-PCL macromer is
much faster than that of the PEG-b-PCL hydrogel
without MAA moieties. Under the conditions 
investigated, a majority of the MAA segments in the
hydrogels were ionized, and the electrostatic 
repulsive force caused the network to expand, 
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Figure 9. The hydrolytic degradation behaviours of the
hydrogels in pH 7.4 PBS solutions at 37°C. Each datum rep-
resents an average from n = 3.

producing a highly swollen hydrogel with larger pore
size. When exposed to water in highly swollen 
hydrogels, ester bonds of PCL segment might easily
hydrolyze further [33,34]. As a result, PEG segments
and/or PEG oligomer with CL units and PMAA chains
containing poly(methacrylate) moieties could easily
be removed from the highly porous network into the
external environment. The PEG-b-PCL hydrogel
exhibited a much slower degradation rate due to its
lower swelling ratio resulting in dense structure,
which is confirmed with SEM photos in Figure 4. As
seen from Figure 9, the weight loss of the hydrogels
increased with the increase of MAA content. The
hydrogels containing PMAA component exhibited a
substantial weight loss after one month. This result
showed that the increased swelling ratio of the 
hydrogels copolymerized with MAA greatly 
accelerated the hydrolytic degradation of PCL
segments as compared with the PEG-b-PCL hydrogel
at pH 7.4 and 37°C. 

CONCLUSION

A series of pH-sensitive hydrogels were prepared by
UV-initiated free radical copolymerization of MAA
monomer with biodegradable PEG-b-PCL macromer.
This hydrogel displayed apparent pH-sensitive 
character. The pH sensitivity of resultant hydrogels

increased with increasing MAA content introduced
into the hydrogels and pH value of the local media. In
comparison with PEG-b-PCL hydrogel, BSA release
rate from the hydrogels and their hydrolytic 
degradation rate greatly increased due to the 
introduction of MAA monomer and its increased 
content in the hydrogels in pH 7.4 of PBS solution at
37°C. The in vitro release profile of BSA model drug
implied that such biodegradable and pH-sensitive
hydrogel materials have the great potential in smart
drug delivery systems. 
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